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ADVERTISEMENT. 



In presenting to the public 
the concladingToIumes of the Scientific 
Dialogues^ the Author cannot but ac- 
l:nowledge, with sentiments of gratitude, 
the favourable reception which the for^ 
mer parts of the work have experienced. 
He trusts that the several subjects com- 
prised in these last volumes, will have aa 
«qual claim to the candour of those who 
we engaged in the arduous but honourak]|^ 
employment of education. 

It will be seen that it was quili|dmpos- 
"iible to include in the six volumes the 



ADVERTISEMENT. 

introduction to chemistry, as it was origin- 
ally intended. This branch of science 
is become so very interesting, and the 
study of it' so general, that it would have 
been unpardonable to have devoted only 
a part of a volume to the discussion of it: 
the Author has, therefore, at the sugges- 
tion and desireofmany friends, who have 
given their approbation to the Scientific 
Dialogues, undertaken to furnish a sepa- 
rate work on this subject, in two volumes, 
similar in size to this. 

May 1, 1805. 
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CONyERSATION I. 



INTRODUCTION. 



Of Light— The Smallness of its Par- 
ticks — Their Velocity'---Tkey move 
only in straight Lines. 

CHARLES. When we were on 
the sea, you told us that you would 
explfon the reason why the oar, which 
WQS straight when it jay in the boat^ 
appeared orooked as ^oon as it was 
put into the water. . 

Tutor. I did : but it requires some 
previous knowledge beftiiw you can 

HOL. V* B 
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comprehend the subject. It would 
afford you but little satisfaction to be 
told that this deception was caused 
by the different degrees of refraction 
which take place in watei* and in air. 

Jamc9. ,We do not know what you 
mean by the word refraction. 

Tutor. It will therefore be right- to 
proceed with caution ;\r^rac/ionJs a 
term frequently used in the science of 
optics, and this science .depends wholly 
^n light. 

James. What isv light? 

Tutor. It would, perhaps, be dif- 
ficult to give a direct answer to your 
question, because we know nothing 
of the nature of light, but by thifi 
effects which it produces. In rea- 
soning, however, on this subject, it is 
. generally admitted that light consists 



* THB PARTietm'OP LIGHT. 3 

of inconceivably smaU particles; 
which are projected, or thrown off 
rom a luminous body mth great ve- 
locity, in all directions. 

Charles. *But how is it known that 
light is composed of small particles? 

Tutor. There is no proof indeed 
that light is material^ or composed of 
parades of matter, and therefore % 
said it was generally^ not universally ^ 
admitted to be so; butif itis allowed 
that light is matter, then the particles 
must be ^small beyond all computa* 
tion, or in Ming on the eye tiiey 
would infkllibly bfiod us; 
' James. Does not the light come 
from thesiin^ in some such ^mnner as 
4t does from a candle? 
' Tutor. This comparison will an- 
swer our purpose; but there: tippears 
B 2 
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to be a great difference beture» the 
two bodies : a c^ndle^ whether of wax 
or tallow, is 0000 exhausted; but 
philosophers have never been able to 
cibserve that th6 body of tlm tun is di* 
finished by the light which itincei^ 
^antly poun forth; ' 

James. Yov say ineeMantly^b^ 
ive seeiOiklyidariog the.htfurs «(dfi^.: 

Charhs. That }k.be«ay«e the pm oi 
the eavth whki) wetinhal^ }» *wnfA 
away from. the suq duHog the n^t: 
but our midnight id mid'^day to mme 
pther partsof the eartfau ^ 

Ttctor. Right: l)esidet you^kno/w 
1^ sun' is ndt intended merely for 
the benefit of this ^obe^ bat it; ii^ %)» 
source of light* and hosb to six;<ilhfia: 
planets, uoi eighteen mdona bf^Ong- 
ing tqJbQBi;. ,1 ; 



THB SUN THE SOUEOS OF LIGHT, i 

Ckarks: ^ And ydu hare hot rec- 
koned the four lie wly discoveriid little 
plaiiete) w Inch Dr. HerscjbeF denomi- 
nates Asteroids, but which are known 
l^y the nil^e of Ceres Fetdinandea^ 
PaUas, Jiino, and Vesta. 

Tutar. Well then; the sun to 
these is the perpetual source of light, 
heat, and motion; and to more di- 
stant wdrlds it is ^ fixed star/ and will 
appiear to some as large as Arcturus, 
to others no larger than a star of the 
sixth magnitude/ and to others it 
must b^' in^ble, unless the inhabit* 
ants have thie^ assistance of glasses, 
or are enddwed with better eyes than 
oursdves. 

James. Pr^y, Sir, how swift dd 
you jeckon: that the particles of light 
move? 

B3 
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to be at the, f^t^qt}^ ctf, |ifcf*yr6te 
inillioiuo^iyile^^Ofnl^^ earth; ^ht 

inillkH^.of rc^^ u> « .mniil^ «t tt 

Bvtt bpv 1^9 yon kf^w .^ti|t tirftvfi]^ 
$0 ftat?; , 

J^oerofT, • wj»a . plj>§ftr»t4;; tfe«t tlw 
eclipses t^ ,^,^pjt^J:'ft ^ti^lUtosi ytok 
pjai^e, ^tpvij: ,si»t!Wf». mwnte^. l*ter, tf 

the earth vf^ere in that pqi-t g^ ks 
prbitf/v^fbicb \^ fartbej^ frpm. Xn^r,- 
^han if it wai;« i^ ^q <9PQ4t» p«^ 
of the beaveas. 



THE VJihOQ^JX fiV LIGHT. | 

(i%cr/ef. I uDder{^^Q(t this; the 
f^a^tlin^ay Ma)etiQpe» be in a line be* 
twqcp. tbc wx^, ap4 Jupiter, an4 f^ 
o^r times the ^h i» between the 
^artjii and Jupiter ^ aad tl)€re£;>Fe, in 
tb9 tetter qasei the distance of Jupiter 
ffOm the earth i^: greater thaa* in 
the former, by ^ wl^o|ie lei^h of 
its orbit 

Tutor. In tliis situation, the eclipse 
of any of the satellites is^ by calcu* 
Ration, sixteen minutes later than it 
noiM be; H the earth were between 
Jii{»iter and the stin; ttiat is, the 
ligh<; flowing from Jupiter's satelfites 
is about sixteen minutes Jn travelling 
the length of. the earth's orbit, ou 

Jcmtm. It wo»Id be cunous to caU 
cukte how much fester light tTs^velSr 
^ah a cannqn-b^}. 



Tutor.' Suppose a cannon-ball to 
travel at the ratci. o^' twelve miles a 
minute ; and light to move a million 
of times faster than that; yet Dr. 
Akenside conjectures that there may 
be stars so distant from us that tiie 
light proceeding from them has not 
yet reached the eartS : 



-Whose unfading light 



Has travell'd the profound six thousand yearSi 
Nor yet arrived in sight of mortal things. / 

. Ctmrles^ .Wa« it to this. author 
that Dr. Youiig alludes in tb^e 
lines? \ , J t.w 

How distant some of the nocturnal suns! 
So distant,' says the sage, 'twere not absurd 
To doubt, if b^ams, set out at Nature's birth, 
Are yet arrived a^t this so foreign world; 
Though nothing'half so rafud as their flight 



THE MOTSQft OF LIGHT. fj 

Tut0r, He' probably referred to 
Huygen9» an ^rninent astronomari 
who tbrQw out jtb? idea before Akw^ 
side wa3 born, 

Jarms. And you say the particles of 
light mov^ iu all directioofi. 

Tf^or. Hera is a sheet of tiik}^ 
browQ p^per, < I make only a small 
pill-hole in it, and then through thiit 
h9^^l cau $e^ ail the objects, such as 
the sky, trees, bouB^^.&c.^s I <:oul4 
if ^ibe paper were* not there, , . 2 

Ch9rh§^r:T>Q ^Of yoijly aae objBP^s 
bn iwiu« of: the F%y6,»f ligh!t:w^icb 
Jqw liroiA them? .: ^ . 

T^^' I« :iw> .a*ber yf$^i . apd 
Aerefore the light th%t cpoao^ from 
tb« lwi|scapfcw:biQfe.I yi?^ by look- 
ing through the s^mW - h(4« i^^ /.the 
paperj^ njugt come in ?ll directiotn^ at 
the same time.-^Take another i«- 
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stance; if a candle be placed on aa 
eminence in a dark night, k may be 
Men all round for the space of half a 
mile : in other words^ there is no 
place within a sphere of a mile in 
diameter, where the candle cannot 
be seen, that is^ where some of the 
rays from the small flame will not be 
found. 

James. Why do you limit the di- 
stance to half a mile ? 

Tutor. The distance, of course, 
will be greater or less, according to 
the size of the candle : but tiie de- 
gree of ligh^ like heat^ ditninishesT in 
proportion as you go farther fh>m^ the 
luminous body. 

Ckarke. Does it follow the same 
\Mf ns gravity ^ ? 

* See Scientific Dialogues^ Vol. I. Conversa* 
ti6n Vll. 
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Tutor. It does: the inttnsify or 
degree of light decreases as the square * 
of the dbtan^re from the luminous 
body increases. ; 

Jamfis. Doycfa mewa, that at the 
distance pf two yards from a cai\dle« 
we shall have four times less ligjbti 
than we. should have, if we were only 
one yard from it? * 

Tatar. I do : and at three yards' 
distance/ nine times less light; and 
at four yards' distance you will have 
sixteen times less light than you 
would were you within a yard of the 
object — I have one more thing to 
tell you: light always moves in 
straight lines. 

James. How is that known? 

Tutor. Look through a straight 
tube at any object, and the rays df 
Ught will flow readily from it t9 the 
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dye; but let the tube be bent, and the 
ot^ect cannot be seen through It, 
which proves that light will move only 
in a straight line. 

This is plain aido fpcba^ the shbdows 
wlneh opaque bodies endt; for if the 
lig^ did not describe straight Hnes, 
tliere would be rio-^dow. Hold 
any object in the light of the sun^ or a 
cifidle, as a square boariA or book, 
and the shadow cAuiied by it proved 
that light moves only in right or 
9trai^ lines% 
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CONVERSATION H. 



Of Rays of Light — OfR^t^tloa and 
R^ruetmf 

CHARLES. You talked, the liist 
time we met, of the rays of light 
floecviDg or moving, ^bat do yoa mean 
hy a ray of light? 

Tutor. Light you |iinow is sup: 
posed to be made up ctf" iudf finitely 
small particles; now ooei or mor4 of 
tb^se particles in motion from any 
body, is called a ray. ^f l^ht.rrlf 
the supposition be true, that light 

vou V. c 
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consists of particles flowing from a 
luminous body, as the sun, and that 
these particles are about eight minutes 
in coming from the sun to us ; then 
if the sun were blotted from the 
heavens, we should actually have the 
'same appearance for eight minutes 
after the destruction of that body as 
we now have. 

James. I do not understand how 
we could see a thing that would not 
exist. 

Tvior. The sun is perpetually 
throwing otf particles of light, which 
travel at the rate of twefve milliona* 
of hailes in ti minute, and it^ is by 
these that the. image of the body 
b impressed on our eye.- The sun 
b^ing 4>totled from the firmamenl 
would nbt^^i^ct the< course of the 
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particles that had the instant before 
))een thrown from his body, they 
3Rrould travel on as if nothing had 
happened, and till the last particles 
had reached the eye, we should think 
we saw the sun, as much as we do 
now. 

. Charles. Do we nt)t actually see 
the body itself? 

- Ttaor. The sense of sight may, 
perhaps, not be unaptly compared to 
that of smell : a grain of musk will 
throw off its odoriferous particles all 
round, to a considerable distance, 
taow if you Or I, happen to be near 
it, the pj^rticles which faH upon ceiS 
tain, nerves in the nose wilt excite in us 
4:bose sensations, by whfck we say we 
have the smell- of musk/ In-the sanie 
way particles of light are flowing in 
c 2 



16 OPTfC84 • 

every direcdon from <be gram of 
musk, dotne of which fall on the eye^ 
and these excite different sensations^ 
from which we say, we see a piece of 

jGDUSk. 

Charles. But the musk will m 
time be completely dissipated, by the 
fCt of throwing pff. the itnQ p^fticfes; 
whereas a chair or a table ^^^ t^FOir 
Qifi[ itsrayfi so afi -^o be visib^ei mth- 
Qfi% ever dip^jiiouhing, it»: sj^e. ^ 
; / Tfiior^ Tru^- because ^vbaljey^r U 

if ^U]|Qfi^ only by th^ pa|ti^^8^pf. tfaf ' 
.pd^iferous ivaj^Jy^i^seaf, flftj^ing fiyop 

>bady> wd-.^re thear^^^ &P)a^<^r : 
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James. What do ydu mean by 
hsmg reflected? 

Tutoif. If L throw this marble 
smartly against the wainscot, will it 
remain where it was throivn ? 

James. No: ii Vf^ rebound, or 
j::ome back again. 

Tutor. What you call rebound* 
ing, writers on optics denominate 
reflection. When a body of any kind, 
whe&er it be a marble! with which 
you play, or a particle of light, strikes 
ag^nst a surfaice, and is sent back 
again, it is said to be reflected. If 
you shoot a marble straight against a 
board, or other obstacle, it comes 
back in the same line, or nearly so; 
but suppose you throw it sideways, 
^oes it return to the hand? 
t 3 



darks. rLet mb see : 1 wHl s&oot 
this marble against the midile of omk 
sidtr of the room, irom the eofoet of 
line c^poflita iidre. 

/c;;???^^. ¥au see^ instead of oraat^ 
back to your Tbemd^ it goe^ off tcy the 
other corner, directly opposite to the 
place from ii»bich you sent it. 

Tutor. Tlas wiU lead us to the 
expktQatioi^ tS one of the principal 
definition? ia qptics, mz^ timi the 
OHgk of re/ieetim is ahrays, tquai toi 
the angk ff imdeme. You khow 
what an anj^e is^? 

C%ar&^ . We^do: but iKit wba| 
an angle of imidenee is. 

Tutor. I said a ray of light traa 
a parties 0f Idght in motion : now 

♦ See Scientific Dialogues, Vol. I. Convers. I. 
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tb^^ 9fse incident rays^ and refi€(^ed 

. Tbe^ incident r&ys^ are those which 
Jail on the surface; and the reflected. 
ra^s we those which ui sent e^fkom 
it. 

Ch«rk^ DMa th? marble going 
to the wainscot rcprisa^at the incident 
Wf^y and/ in g^^ing fv.am it, does it re* 
present the r^ctedrty ? 

Tutor. It does: ai^ the waioscot 
may be called the refleetu^ surface. 

James* Then what are the angles 
pf bcidwce and reflection? 

TV^^r. iSiippose yo^ draw the line» 
pn which the marble travelled, both 
fo the wainsTOt, and frbm it agaih. 

Charles. I wilt do it with a piece' 
of chalk. 
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Tutor. Nqw draw a perp«idictt- 
lar * from the point where the marble 
struck th)e surface^ that is, where your 
t>vo lines meet. 

Charles. I see there are two an- 
gles, and they seem to be equal. 

TtUor. We cannot expect mathe« 
mitical precision in such trials as 
* these ; but if the experiment were 
accurately made, the two aiigles 
would be perfectly equal : the angle 
contained between the incident ray^ 
and the perpendicular^ is called the 
angle of incidence, and that con* 
talned between the perpendicular and 

*^ If the point be exactly in the middle of 
one side of the room; a perpendicular b readily 
drawn by finding the middle of the opposite 
iidei and joining the two points. 
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^flecled ray/ is called the angle of 
reflection. I 

Jimes. AretheeeiQ all cases equal; 
shoot tlie marble as you will ? . : ^ 

Tutor. They are: and Ae tiuth 
liidds equally, wkb the ra^s ofli^t:^ — 
both of you stand ni frontof Ibe lool^ 
ii^-gla88« Yooi see yoursel^ncs, and 
one another also ; for the xays of li^ 
ficM from you. to ^ the ^ss, and are 
tflAected fhack dgam.in . the u same 
lioea. , Now: Ipbtb of yoa stand dxa 
one sidd of the rdoow What do yds 
ade?. . •.'^• 

Charies. Nat .ourselves, but tb^ 
furniture on the opposite side. o 

' * Tuior. The reason of this ia^ that 
the rays: of l%ht Howling, firom yoi^ to 
the glassy are reflected to the otbsr 
aidei(>f.ihft.raQiKi. ^ >j. v - 



Charles Then if I go to that parti 
I shall see the rays of light flowing 
firom my brother c-^and I do see him 
in the ^(i5S« 

Jarnei. And I see Charles. 

Tutor. Now the rays of ligitf 
flow from each of you to the gias9y 
and are reflected to one another : but 
neither of you sees himself. 

Charles. No: I will move in front 
of iLe i^lass, now I see mysdf, but 
not. my bix>ther; and, I think, I uop 
derstand tlie subject very well. 

Tutor, llich explain it to me. by 
a figure, which you may draw. oH* the 
sldte. > 

Chartts. Let a b (Plate i^ Fig. i.) 
reprc&eut the looking-glass : if I stand 
at c, the rays flow from me to the 
glass, auil are reflected l^ack in the 
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same line, because now there is no 
angle of incidence, and of course no 
angle of reflection ; but if I stand at 
s, then the ny^ flow fix>in me to 
the glass, but they make the angle 
s o Cf and therefore they must be re- 
flected in the line o y^ so as to make 
the angle j^ o c, which is the angle of 
reflection, equal to the an^le .r o c. 
And if James stand at y, be will see 
me at j*, and I standing at JV ^^^ ^^ 
him at j^. 



^ - • - > Topwrcsr, 
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Of the RefraQtion of Light. 

t.CJ£AtU^E§. if g\as/& atop tb«. 
rays of light, and reflect th^, why 
cannot I see myself in the window? 

Tutor. It is the silvering on the 
glass which causes the reflection, 
otherwise the rays would pass through 
it without being stopped, and if they 
were not stopped, they could not be 
reflected. No glass, however, is so 
transparent, but it reflects some rays : 
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pifcyouff hai)d to witbui three or fpur 
inches of the window, and you : see 
f^ly tl^e im^ of it. 

Jamc^^ So I do, ,and the nearer 
th^ hand is to the glass^ the aipre 
^ideot h the ima^, but it is formed 
oa the other side of the §M% wd 
beyond i^ top. ... : 

. Tut9r. It is i this happens, alsot 
in looking-glasses: you do not 3eft 
yourself pa the surfiiMce, hot af^Mirent* 
ly as far behind the glass, a$ you st#)4 
from U ia the ffont.^ 

WbAtevf r sufFc^rs^ the raya of JighJ 
\fi pas^ ticQ^gh it, is caUfed*«Wrfi^«ie 
Glas^^ wbiphis tra|iS99£f)ql|» is a; v^^ 
diuui ;. ^? ;^$o is jaif jr M^f^ apd ioq 
^^d all /.flu^s tb^t ar^r traa^parfQH 
are called msdia^, and; tb«^ i^of6 tranHf^ 
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parent the body, the more perfect it 
the medium^ 

Charles. Do the rays of light pase 
through these in a straight line? * 

Tutor. They do : but not in pre* 
eiaely the same direction in which 
they were moving before they entered 
it. They are bent out of their for- 
mer course, and this is called refrac-^ 
tion. 

James. Can you explain tbb term 
4Dore clearly ? 

Tutor. Suppose a b (Plate. i. Fig. 
|.) to be a piece of glass, two or 
three inches thick ; and a ray of light 
$ a, to fall «l^ it at ff/ it will not 
pass throi^ in the ^direction s s^ 
but when' it romes to a^ it will 
be bent towards the perpendicular 
4 6| aud go throuj^ the glaas- in the 



course a x, and when it comes into the 
air, it i^iil pass on in the direction jpt^ 
which is parallel to s«. 

Charki. Docs this happen if tb^ 
ray fall perpendicularly on the glusa 
nXvuf 

Tutor. In that case .there is no 
refraction, but the ray proceeds in 
its passage through the glass, pre* 
xisely in the same direction as it did 
before it entered it» nauitiyi iu tb« 
direction p b. ■ ^ 

Jam€$. Refj:action then takes p^act 
only when tlie rays fa)! obtiquely or 
slantwise on the medium ? . 

7if/^r. Just so ; raya of light may 
pass out of a rarer into a denser me* 
dium, as from air into iivater or 
glass: or they may pass trom # 



denser rnediom into a fttr*fi>, as frofti 
«#ater into air. • 

Charles. Are the efifectt the same 

4 l^/Wr. Th^y are not; and I wish 
you to remember the diftel'etice. 
Wli^n light ^Mteaoak 6f a rarer into 
% deader mediamVit is drawtt f^ the 
•pei^e&diailaf J thus if s a? -pass fro* 
*«f into gkss, it ihov^s, ki its Jm*- 
%ag0 thtMgh itf in the * line « .t», 
wWcb is nearer to the pefpendiettJdr 
^ti^lban tbd line ^ 185 which vm^ its 
firi^cfefe<?tiert. ^ ::-•:> 

But whdn a- ray passes from a 
tlonstr medium into^ a r«iter^1t moves 
-in a div^ctien farther fr^m tt»e per- 
ipendicuiar ;: lhu» if the ray ^ ^ pass 
IhiQ^^ gia« pr water into air, |t 
will not, when ifr^c^mes to Cy move in 
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the clifection a^;}, but in the line a % 
which hi far there tiia» a ,m from lt>9 
perfjcndicular a 9. . 

Jame$. Can you show us any ex* 
periment in proof ot thif I? 

Tutor. Yes, I can : liere is a com* 
mon earthen pan, on tl>e bottom of 
uhich I will lay a shilling, aiid miil 
fasten it with a piece of soft i«ax« 
so that it shall not move from its 
place, ul^ile I pour in: some wat^r* 
Stand back till you just lose sight of 
the shilUug. 

James. The side of the pan nb\r 
completely hides the sight of the mo- 
ney fix)n(i me* 

Tiaor. I will pour in a pitcher of 
dear water. 

Jaims. I now see the shillii^: 
how is this to4>e explained ? 
0S 



'Tutor. Lflbk to Ibekit lpga«i' 
^d eonceive jrow eye id bfe ftt s, 
/I A the side of the pfttt, miwl the; 
piece, of ihoii^y to be ifiit or : row 
when the pan is empty, the mys ct 
light flow frenif \% in the direction 
\r am, hxA yOtn- eye is at s, of coorw- 
yoa earihot see arty thin^ by the ray 
proceeding along .v a m. As^soon as- 
I pat the tratcr irrto tber i^fes^el, the 
rays of fight proceed fr^rti .r to ^,v 
fetit thefe tlicy cwter from a denser ta 
a rarer medium; and therefore, in- 
i^etfd of moving in u 'm^zs^ ftiey did 
wli^' there was m> water, they wilj 
be bent jTro;^ the perpendiciikr, and 
#ill'€om^ to^your eye at s, as if the 
shilling were situate at w, 
• Jame^. ' And it does appear to me 
to be at «.• 
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-Sl/rtk Retndttiber what I am 
going to tdl yaw, far k k A. sort of 
a%i6tA in optics: VWe Bite ev#ry» 
tSiirtg !<n tke direefm ^ -that Hno m^ 
whidi ^Skt rtty» d!^pi%tfct> u# la^.-^ 
Which 'i^ryay }^fkm&VAMttmAi t 
place a candle before t\ie loofeingJ 
gladd, and if you sCand tilsd before ihe 
glass, tfieifnelge of the carvdte^app^rsr 
behind it; but if^aofdlhar lO0l»Ag^ 
glass be so placed as to receive' thti^ 
tefle^ted rays ot the candle, find you 
stand before this seeond glassy th^ 
eandte will aippedr behnnd th«tl; be^ 
cause the mind transfers e^ry c/bj^% 
seen along tbd line m which the ]ray$ 
came to the eye l^t 

Charles. If the shilling u-ere not 
moved by the pouring in of the watery 
1 do wot understand how we could see 
H afterwards. 



Tutor. But you do scc/it .noW 
at the \\o\vX pi, w ruttier at the little 
dot jiibt abov0 it^ which is an jnch or 
t^o from tbct place uhcre ijt was 
ftisfened at the bottom, aiid froiu 
wJjich, you fn$y convince y<)Mr?plf,. it 
has not moved. 

Jami$. I should like to. be con* 
vinced of thk : uill you majce tlJ^ex* 
perinient again^ that I ipay be: satis- 
fied of It? 

Tutcr. You may make it as often 
as y9u .i>iease, and the effect will al- 
ways be the same ; but you ofiust not 
imagine that the shilling only will ap- 
pear to niove, the lK>ttom of the vessel 
seems also to change its place. 

Jamt$. It appears to me. to be rais- 
ed higher as the water is poured in. 

Tutor. I trust you are satisfied 
by this experiment : but I can sbo<v 
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you an6ther ^(^ally dottviheing ; hvk 
for tHs we ^tartd in ne^ of thd sun. 

Take an empty vessel a, a coWitiofi 
pari oi* basin will answef the purpose, 
(Plate I, Fig. 3.) Into ^ dark rbOM, 
haring oft)y ft very small -hole ift fte 
wittdchf ^Wrtter: io Jilace the baaifa 
that a ray of light $ J'sfeafl fall tipoh 
th« bottdttt <^ it at a, bete I make a 
•srflaH mark, atid then 6ll the basin 
with Wttt^l No<v iVhe^e does thfe 
ray fall ? 

James. Much nearer to the side 
at &. 

Tutor. I did not move the basin, 
and therefore could have had no power 
in altering the course Of the light. 

Charles. It is very clear that the 
ray was refracted by the water at s : 
and I see that the effect of refraction 
in this instance has been to draw the 
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ray nearer to a perpendicular, vrhich 
inay be conceived to be the aide of 
the vessel. 

Tu/or. The same thing may be 
shown uith a candle in a room otbeT« 
nise dtirk : let it stand in sudi a man* 
ner as that the shadow otthe side of 
a pan or box ifiay fall somewhere at 
the bottom ot it; mark the place, and 
pour in water, and the shadow will 
not then fall so far from the Mde. 
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CONVERSATIOJ? IV. 



Of the Reflection and JRefraction of 

Light. 

TUTOR. We will proceed to some 
fartlier illustrattofis of the laws of re- 
flection and refraction. We shut out 
all the light except the ray that comes 
in at the small hole in the shutter; 
at the bottom of this basin, uhcre 
the ray of lii^ht falls, 1 lay this piece 
of looking-glass ; and if the water be 
rendered in a small degree opaque bf 



mixing with it a few drops of mlk, 
and the room be filled with dust by 
sweeping ^ a carpet, or any other 
means, then you will see the refrac- 
tion whicK^ttiif -my from the shutter 
undergoes in passing into the water, 
the reflection of4t^at the surface of 
the looking-glass, and the refraction 
\vhich. takes place when the ray leaves 
the water, and passes again into the 
air. 

: /^m^f, Q^a tbis refriictiwi tpke 
pl^c^ iq. 9|l kipdp of gt^a« ? ^ 

Tutor. It doi^a^ ItHit where the 
gla&s is v^By tMa, w in vin^ow gUsa, 
the deviation is so i^ioaU a$ tq be 
gauerRlly overlooked* You may now, 
^ndersta.vl why the ow m the water 
appears Bent/ though it be retilly 
ii|tra^bt> for suppose a » (Plate i. 
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Fig. 4.) represent water,, and m a jrtbe 
oar^ the image of the part ^ a? in the 
water wiU lie abovie the object, so that 
the oar will afq^eatiiathe sliapi^ma 71, 
instead of m a x\ On this account 
alsOy a fish in the water appears 
nearer the surface than it actually is, 
and a marksnian shooting at it must 
aun below the place which it seems 
* to occupy. 

Charks. Does the image of the 
object seen in tlie water always ap- 
pear higher than the object really 
is? 

Tutor. It appears one fourth near- 
er the surface than the object is. 
Hence a pond or river is a third part 
deeper than it appears to be, which 
is of importance to remember, for 
many a school-boy « has lost bis lift. 

VOL. V, E 



by imrngmii^Uie water mt» which ht 
plim^dHtii withki has deplb% j 

: James. YtesaJjr tbebotlom appeanr 
wefmrth neMet the siiriiluce than it 
is ; and then that the water b a ^ibVi^ 
deeper thao it seems to be ; I do xMk 
undemabd (dim. 

7'«A»r. SuppMe llie river to be six 
feetde^p^ wkithis&ilfrtcknt Co drdwi 
you or me, if we cannot swim : I say 
the Wttom wiii a[?pear to be only 
lour feel and a half fnotii tite surfiiee^ 
in which case y^u cm\A^ staled aad 
have the greater part of your hefiH 
above it ; of couise it appears to be a 
foot and a half stiaUower then i^is; 
but a foot and a half is just the third 
part of four feet and a half. ^ 

Ciutties. Can this be shown by 
axMrimeD^?^ 



' Tutor. It way;— -I tak€ thiftlti-ge 
eoafity pflii, and with a piece of soft 
wax stack a piece of isoooey i^ th^^ 
bottom, h\A 60 tjsiat ysQu can just see 
k as you s^aod ; keep your positiojs^ 
and I ufU pour in a quantity of 
water gradiiajyiy^ and tell vm the ap- 
pearance. 

Charles. The sbillfng rises exactly 
iQ tlie same proportion as you pour in 
the water. 

Tlftor. Eepollect then, in fature^ 
that we cannot judge of distames so 
well in wate^ as in air. 

fam^Ss And I am sure we cannot 
of tnagnitudes : for in looking through 
the .sides of a globular glass at some 
gold and silver fish« I thought tiiem 
yery large; but if I looked down 
npoB them from the top, tliey appear 
nauch smaller indeed. 
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Tutor. Here the convex or round 
shape bf the glass becomes a magni- 
fier, the reason of which will be ex- 
plained hereafter. A' fish will, how- 
ever, look larger In water than it 
really is.— 'I will show you another 
experiment which depends on re- 
fraction : here is a glass goblet two- 
thirds full of water ; I throw into it 
a shilling, and place a plate on the 
top of it, and turn it quickly over, 
that the water may not escape. What 
do you see? 

^Charles. There is certainly a half 
crown lying on the plate, and a shil- 
ling seems swimming above it in the 
water. 

Tutor. So it appears indeed ; but 
it is a deception which arises from 
your acting the piece of money in 
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two directions at once, viz. througir 
the conical surface of the water at 
the side of the glass^ and through 
the flat surface at the top of the 
water. The conical surface, as wA 
the case with the ^obular cxie in 
which the fish were swimming, mag- 
nifies the money; but by the flat sur« 
face the rays are only refracted, on 
which account the money is seen 
higher up in the glass, and of its na- 
tural size, or nearly so. 

JameSj. If I look sideways at the 
money I only see the large piece; 
and if only at top, I see it in its na- 
tural size alid state. 

Charles. Look again at the fish 

m the gleiss, and you will see through 

the round part two very large fish, 

and seeing tb^n from the upper part, 

*:3 
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they appear of their natural size ; the 
deception is the same ast with the 
shilling in the goblet. 

Tut&r. The principle of refraction 
is productive of some very important 
eflfects. By this the sun, every clear 
morning, is seen several minutes be- 
fore he comes to the horizon, and as 
long after he sinks beneath it in the 
evening. 

Charles. Then the days are longer 
than they would be if there was no 
such a thing as refraction. Will you 
explain how this happens ? 

Tutor. I will : you know we are 
surrounded with an atmosphere 
which extends all round the earth, 
and above it to about the height of 
forty-five miles ; now the dotted part 
pf Fig. 5, represents that atmosphere : 
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suppose a spectator stand at s, and 
the sun to be at a; if there were no 
refraction, the person at ^ ivould not 
see the rays of the sun till he were 
situate with regard to the sun in -a 
line s .V a; because when it was be-^ 
low the horizon at by the rays would 
pass by the earth in tlie direction 
b .V z; but owing to the atmosphere, 
and its refracting power, when the 
rays from b reach .r, they are bent 
towards the perpendicular, and c&r- 
ried to the spectator at s. 

James. Will he really see the image 
of the sun while it is below the hori- 
zon? 

Tutor. He will ; for it is easy to 
calculate the moment when the sun 
should rise and set, and if that be 
compared with exaipt observation, it 
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will be found that the image of the 
«un is seen soonef and later than this 
by several minutes every clear day. 
' Charles, Are we subject to the 
same kind of deception when the sun 
is actually above the horizon? 
^ TUtar. We are always subject to 
it in these latitudes, and the sun is 
never in that place in the heavens 
where he appears to be« 

James. Why in these latitudes 
particularly? 

Tutor. Because with us the sun 
is never in the zeniiky s, or directly 
over our heads; and in that situa- 
tion alone, his true place in the 
heavens is the same as his apparent 
place. 

Charles. Is that because there is 
no refraction when the rays fiall per^ 
pendicularly on the atmosphere ? 
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Tutor. It is; l)ut when the sun 
(Plate 1. Fig. 6.) is at m, bis rays will 
not proceed in a* direct line mor, 
but will be bent out of their course 
at 0, and go in tlie direction o SyBXkd 
the spectator will imagine he sees 
the sun in the line s on. 

Cffflfies. What makes the moon 
look so much larger when it is just 
above the horizon^ than when it is 
higher lip ? 

Tutor* The thickness of the at- 
mosphere when the moon is near the 
horizon, renders it less bright. than 
when it is higher up, which leads us 
to suppose it is farther off in the 
former case than in the latter ; and 
because we imagine it to be farther 
from us, we take it to be a larger 
object than when it is higher up. 
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It is ^tag to the atmosphere that 
the heaveas ^^pear bright in.th^ da)'* 
titne. Without an atsooapher^ ovtly 
that part of the heavens would ap*- 
ftear InwintmB m irhicb the sun 19 
{daced ; in that case^ if wq could Hvt 
without air, aiid should stand witii 
om backs to the san» the wh^ bea-> 
vims would appear aa dtrk as night 
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CONVERSATION^ V, 



D€fmti6ns---Qf iht different kind of 
Lm^'-^OfMr. Ptirker'sBmrnij^ 
Lensy and the &ff^ects produced hy U: 

TUTOR, r muat claiia your at- 
tention to a few other definitknis; 
the knowledge of which will be wanted 
as we proceed. 

A pencil of rays is any number 
that proceed from a point. 

Parallel fayt arc such as move al- 
ways at the same distance from each 
other. 
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Charles. That is something like 
the definition oi parallel lines*. But 
when you admitted the rays of light 
through the small hole in the shutter, 
they did not seem td flow from that 
point in parallel lines, but to recede 
from each other in proportion to their 
distance from that point. 

Tutor. They did ; and when they 
do thn^ recede from* each other, as in 
this figure (Plate i.^Fig. 6.) from c to 
c rf, then they are said to diverge. 
But if theyi continually approach to- 
wards each other as in moving from 
c rf to c, they are- said to converge. 

James. What does the dark part 
of this figure represent ? 

Tutor, It represents a glass lens, 
of which there are several kinds. 

* Parallel lines arc those which being infi- 
nitely extended never meet* 
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Charles. How do you describe a 
lens? 

Tutor. A lens is; a. glass ground 
into sp€b a form as to collect or dis- 
perse the rays of light ' which . pass 
through it. . They are of different 
shapes, from which they take their 
names^ They are represented here 
in one iriew, (Plate i. Fig. .7.) a is 
such a one^as that in the last figure, 
and it is: called b. planon€omex\ be- 
cause one side is flat and the . other 
convex; b is di plano-concavej one 
feide being Jlatj and the other is con- 
cave ; c is a double conve^-lenSy be- 
cause both sides are convex ; d is a 
double concave^ because both sides.are 
concave; and e is called eLmeniscuSy 
being convex on one side, and con- 
cave on the other; of this, kind are 
all watch glasses. 

VOL. V. F 
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J4anes. I can casilj conceive of 
diverging rays^ or rays proceedkig 
from a point; but what is to make 
them converge, or come to a point 2 

Tutor. ^ Look again to tlie figuro 
(Fig. 6L) ; now n, b^ m, ice repte-^ 
sent parallel rays, falling upon c ^9t 
oonter $urfiM:e, of gkss for instauoe^ 
all of ivfiich, except the uoiklie one^ 
foil upon it obliquely, and, acodrd* 
iog to what we saw yesterday^ tfM 
be refracted toirards the perpendt^ 
cular; 

Charkt, And I ace they will ail 
meet in a certain point in that middia 
tine. 

Tutpr. That pomt € is called the 
focuB: the dark part of this figure 
only r>epresents the glass, as cdn. 

Chariu. Have you dran^n the cir* 
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die to sbo^ the exo^ curv^ of the 
different lenses ? 

Tutor. Yes : aad ' you see that 
fiarallel rays falling upon a plm&- 
4>€^rc€,v Jem (Fig, 6.) meet at a point 
behind it, the distance of which,- from 
tbe middle of the glasa, 19 e&actly 
€f]«ial to the diasoeter of the sphere 
of which the leas is a portion, 

James. Aad iu the case of a 
double c0Hvcry is the distance of the 
focus of parallel rays, equal oidy to 
the radius oi the sphere (Plate i. 

Fig. 8.)? 

Tutor. It is: and yau see the 
reason of it immediately; for two 
concave surfaced have double the 
effect in refracting rays to what a 
aingle one has: the /a^/er bringing 
tiieia to a focus at the di^tamce of the 
F2 



52 * ■ OPTICS. 

diameter, the former at half that di- 
stance, or of the radius. 

Charles. Sometimes, perhaps, the 
two sides of the same lens may have 
different curves : what is to be done 
then? 

Tutor. If you know the radius of 
both the curves, the following rule 
will give you the answer : 
' "As the sum of the radii of both 
curves or convexities is to the radius 
of either, so is double the radius of 
the other to the distance of the focus 
from the middle point." 

James. Then if one radius be four 
inches, arid the other three inches, 
I say, as 4 + 3 : 4 :: 6 : V=3f» 
or to nearly three inches and a half. 
I saw a gentleman lighting his pipe 
yesterday by means of the sun's rays 
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and a glas8, was that a double con- 
vex lens ? 

Tutor. I dare say it was : and you 
now see the reason^ of that which 
then you could liot comprehend : all 
the rays of the sun that fall on the 
surface of tlve glass (see Fig. 8.) are 
collected in the point /, which, in 
this case, may represent the tobacco 
in the pipe. 

Charles. How do you calculate 
the lieat wiitch is collected in the 
focus? 

Tiiiar. The force of the heat col- 
lected in the focus is in propoition 
po the common heat of the sun, as 
the area of the glass is to the area of 
jthe focus: of course, it may be a 
|lt)undred or even a thousand times 
greater in the one case than in the 
other,. / 

f3 
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James. Have I not beard you say 
that Mr. Parker, of Fleet-street, made 
once a very large lens, which he used 
as a burning-glass ? 

Tutor. He formed one three feet 
in diameter, and when fixed in its 
frame, it exposes a clear surface of 
more than two feet eight inches in 
diameter, and its focus, by means of 
another lens, was reduced to a dia- 
meter of half an inch. The heat 
produced by this was so great, that 
iron plates were melted in a iew se- 
conds : tiles and slates became red- 
hot in a moment, and were vitrified, 
or changed into glass : sulphur, pitch, 
and other resinous bodies, were melt- 
ed under water: wood-ashes, and 
those of othei: vegetable substances, 
were . turned ia a moment into trans- 
parent glass. 
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Charles. Would the heat produced 
by it melt all the metals ? 

Tutor. . It would : even, gold was 
rendered fluid in a few seconds; not- 
withstanding, however, this intense 
.heat at the focus, the finger might, 
without the smallest injury, be placed. 
in the cone of rays within an inch of 
the focus. 

James. There j^as, however, I 
should suppose, some risque in this 
experiment, for fear of bringing the 
finger too near the focus. 

Tutor. Mr. Parker's curiosity led 
him to try what the sensation would 
be at the focus ; and he describes it 
like that produced by a sharp lancet, 
and not at all similar to the pain pro- 
duced by the beat of fire or a can- 
dle. Substances of a white colour 
were difficult to be a;cted upon. . 
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Charles. I suppose he could make 
water boil in a very short tirae with 
thf^ lens. 

Tutor. If the water be very pure 
and contained in a clear glafes decan- 
ter, it will not be warmed by the most 
powerful lens. But a piece of wood 
may be burned to a coal, when it b 
contained in a decanter of water. 

James. Will pot the heat break 
the glass? 

Tutor. It will scarcely warm it : 
if, however, a piece of metal be put 
in the water, and the point of rays 
be thrown on that, it will coommni-^ 
cate heat to the water, , and some* 
times make it boil. The same effect 
will be produced if there be some ink 
throw^n into the water. 

If a cavity be made id a piece of 
charcoal, and the substance to be 
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acted on be put in it, the effect pro- 
duced by the lens will be much in- 
creased. Any fnetal thus enclosed 
melts in a moment, the fire sparkling 
like that of a forge to which the blast 
of a bellows is applied. 
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CONVERSATION VI. 



Of Parallel Rays — Of diverging afid 
converging Rays — Of the Focus 

and focal distances. 

CHARLES. I have been look- 
ing at the figures fJ and 8, and 5ee 
that the rays falling upon the lenses 
are parallel to one another : are the 
8un*s rays parallel ? 

Tutor. They are considered so: 
but you must not suppose that all the 
rays that come from the surface of 
an object, aS the sun, or any other 
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body, to the e;fe, uve parallel to eadb 
otber^ but it must be understood of 
these rays only whkh proceed from 
a single point Suppose s (Plate i* 
Rg. 9.) to be the sun, the rays which 
pmceed from a sin^ point a^ do in 
reaJity form a cone, the hase of which 
k IJhe^ pupil of Ae eye, and its height 
k tf*e distance from us to the sun. 
• Jnme9. But the breadth of the 
eye v» ^ti^ing ^vhen compared to a 
line ninety-five millions of miles long. 
Tutor. And for that reason, the 
▼arioos rays that proceed from a sin- 
gl'e point in the sun arc considered 
as parallel, because their inclination 
to each other is insensible. The 
safne may be said of any otlier point 
as c. Now all the rays that we can 
admit by means of a small aperture 
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Qv ^ole, '«i\^st proeeejJ from f^i in-' 
definilaly ^Int9Il,'^pomtgf the sun, and. 
therefore they are justly considered 
as paraltd.r 

, If .now we: take a ray from the 
point Ay and ^otiiei: ffom c, on op- 
posite points of the SHn s disk, tfa/ey 
will form a sensible angle at. the 
eye; apd it is from this angle a £ c 
that we judge of the apparent si?e of 
the sun, which is about half a degree 
in diameter. 

Charles. Will the size of the pupil 
of the eye make any difference with 
regard to the appearance of the 
object? 

Tutor. Tlie larger the pupil, the 
brighter will the object appear, be- 
cause the larger the pupil is, the 
greater number of rays it will receive 
fron^any singly point of the object. — • 
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And I wish you to remember what I 
have told you before, that whenever 
the appearance of a given object i§. 
rendered larger and brighter, we al- 
ways imagine diat the dbj^ct is nearer 
to us than it really is, or than it ap- 
pears at other times. 

James. If there he nothing to 
receive the ray^ (Rg. 8.) at/, would 
they cross one another and diverge? 

Tutor- Certainly, in the same man- 
ner as they converged in coming to 
it ; and if another glass T g, of the 
same convexity as d e, be placed in 
the tays at the same distance from, 
the focus, it will so refract them, 
that, sifter going out of it, they will 
be parallel, and so proceed on in the 
same manner as they came to the first 
glass. 

VOL. V. G 



Chm^ki. There fe, however, t\A§ 
t&SkfencA; ali d)e rays, except the 
mickile one, have cban^ ilided. 

Tutor. Yqu are rig&tj the ray b, 
Whidh entered at bottom, ^s out 
atttie top d; and a, wMch entered 
at the top, goes out at the bottom e, 
and go of the rest 

If a ci^ndle be placed at f, the* 
focus of the convex glass, the diverg- 
ing mys in the space f^ g, %viH be so 
refracted by the ^ass, tlmt after going 
out of it, &ey tvill become parallel 
again. 

Jamei. What will be the effect if 
the candle be nearer to tlte glass than 
the pointy? 

Tutor. In that case, as if the 
candle be at g, (Plate n. Rg. 10.) 
the rays will diverge after they have 
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fM^s^d through the gUs$» wd the 
ij^vprgene^^ witt b^ greater or k^ io 
prppartioQ m the candle i» moce or 
le$s ^istaut iro«i thie fo$:tt». 

Charles. If the candle be placed 
farther fro«» the lens thw the focus 
y, wiU the rayis n^eet iu e. poiat after 
4JMy Mve pa$wd through it? 

Tt4tQr. They will: t^us if the 
«i«dle be placed at g^ (Plate ii. 
fig. UO the rajr^ after pawng thf 
100$, wiji) meet at a? ; and thie point 
^ wiU he »ia^ or 1e»s distant from the 
glass, as the candle is marer to, or 
^ther from its focus. Where the 
rays Qseet, they form aa mvcrted 
imfige of tJne flame of the candle. 

Jmms. Why so? 

Tta^» Because that is the point 
Tt'here the rayS; if they are noit stop« 
X G 2 
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ped, cross each other : to satisfy you 
on this hf^ad, I will hold in that point 
a sheet of paper, and you now see 
that the 'flame of the candle is in- 
verted, 

James. How is this explained ? 

Tutor. Let a b c (Plate ii. F^. 
12.) represent an arrow placed be- 
yond the focus f, of a double con- 
vex lens d e fj some rays will flqw 
from every part of the arrow, and 
fall on the lens; but we shall con- 
sider only those which flow from the 
points A, B, and c. The rays which 
come from a, as a ^, a e, and a f^ 
will be refracted by the lens, and 
meet in a. Those which come from 
B, as B c/, 5 e, and b f^ will unite in 
by and those which come from c, will 
unite in c. 
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Cbarki. I see dearlj how the 
rays from b are refracted, and unite 
m b; but it is not so evident with 
regard to those from the extremities 
A and c. 

Tutor. I admit it ; hot you must 
remember the difficulty consists in 
this^ the rays fall more obliquely on 
the glass from those points thati from 
the nliddie, adad therefore . the re*^^ 
fraction is Tery different The ray 
B F in the cmtre suffers no refraction, 
B df is refracted into b and if an* 
other ray went from ^, as k ^, it 
would be refracted to n, somewhere 
between b and a, and the rays from 
▲ nuist, for the same reason, be re- 
fracted to dr. 

Jameif. If the object a b c is 
brought nearer to the ^ass, will the 
g3 
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picture be removed to a greater di- 
stance ? 

Tutor. It will : for then the rays 
will fall more diverging upon the 
glass, and cannot be so soon collect- 
ed into the corresponding points be- 
hind it 

Charles. From what you have 
said, I see that if the object a b c be 
placed in f, the rays, after refraction, 
will go out parallel to one another; 
and if brought nearer to the glass 
than F, then they T^ill diverge from 
one another, so that in neither case 
an image will be formed .behind the 
lens. 

James, To get an image, must the 
object be beyond thefocus-F? 

Tutor. . It must :. and the picture 
will be bi^r or les* thap.the object, 
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as its distance from the glass is greater 
or less than the distance of the object; 
if A B c (Fig. 12.) be the object, 
e b A will be the picture; and if cb a 
be tlie object, a b c will be the pic- 
ture. 

Charles. Is there any rule to find 
the distance of the picture from the 
glass ? 

Tutor. If you know the focal di- 
stance of::the glass, and the distance 
of the object from the glass, the rule 
is this : 

" Multiply the distance of the 
focus, by the distance of tlie object, 
and divide the product by their dif- 
ference, the quotient is the distance 
of the picture." 

James. If the focal distance of 
the glass be seven inches, and the 



object be nine inebei from the knsy 

I say, — — -=— == 3 li inches ; of 

oourse the picture will be very nuch 

larger than the object. For, as you 

have said, the picture is as ixiucb 

biggeit or less than the object, as its 

distance from the glass is greater or 

less than the distance of the object. 

Thtor. If the focus^ be seven 

inches, and the object at the di« 

stance of seventeen inches, then the 

distance of the picture will be: found 

. 7X17 119 ,^ . , 

thus = -wT = 12 inches 

nearly^ 
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CONVERSATION VII. 



linages if O^ects inverted— Of the 
Scioptric Ball— Of Lenses and 
their Foci. 

JAMES. Will the image of a 
candle, when received through a con- 
vex lens, be inverted ? 

Tutor. It wilt, as you shall see-: 
Here is no light in this room but from 
the caudle, the rays of. whrch pass 
through a convex lens, and by hold- 
ing a sheet of paper in a proper 



place, you will see a complete inverted 
image of the candle on it. 

An object se^n through a very 
small aperture appears also inverted, 
but it is very imperfect conapared to 
an image formed with the lens ; it is 
faint for want of ligjit, and it is am- 
fused because the rays interfere with 
one another. 

Ckark^. Whet is the reasoo of 
Its beiijg invert^? 

Tutor. Because the ray^ fh>iii Ihe 
extreme parts of the object must cross 
at the ht^. If yoa look through a 
^very small hole at any o|:>ject, the 
t^bject appears magmfied* Make a 
pbth<^ in a sheet of browft paper, 
and look through it at the suiaH print 
ef Idjiis hook. 
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Jams. It is, indeed, tefy nfiMb 
magnified. 

- TuUt. J^ All «bje^t approaches 
a convex lens, its itnlig&^arts frbitt 
it; and as the object recedes, its 
image advances. Make the ekperi^ 
ment with a candle and a let^s, pro- 
perly mountedih a long rbQm : v^hen 
yoy stand at one end of the room, 
and tbrdw the itfHige oh the opposite 
vail, the image is large, but as yoir 
come neaitef to ^e waU, the hnage is 
small, and the distance between the 
camtte and glass is very much w* 
^^eased. 

I wBl now show you an instru-^ 
metit, caHeda Sek^tric Ball, which is 
fiisteoed into a window shutter of tf 
rooqi from ^vhich all light is exdudecf 
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Q)(iCQpt what comes in throu^-.this 

glass. 

^ ; Charks. . Of; what does this in* 

^rument consist? ' 

TiUor. Of a fram^ a b (Plate ii. 
Fig. }S.) and a ball of wood c, in 
which is a glass lens ; and the :ball 
moves easily in the frame in all di- 
rections, so that the view of any sur- 
rounding objects may be . received 
through it. . ? , : 

James. Do you screw this frame 
into the shutter ? 

Tutor. Yes, a hole is cut in.it 
for that purpose ; and there are tittle 
brass screws belonging to it, such as 
those marked s. When it is fix^d yet 
its place, a screen must be set at. 
a proper distance from the lens to re- 
ceive on it images of the objects out 
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of doors. This iostrument is some* 
times called an artificiiil eye. 

Charles* In what respects is it 
like the eye ? 

Tutor. The frame has been com- 
pared to the socket in which the eye 
moves, and the wooden ball to the 
whole globe of the eye ; the bole in 
the ball represents the pupil, the 
convex lens corresponds to thecrys- 
taline humour"^, and the screen to 
the retina. 

James. The ball by turaing in all 
directions is vei-y like the eye, for 
without moving the head I can look 
on all sides, and upwards and down- 
wards. 

Tutor. Well, we i will now place 
•ihe screen prc^erly, and torn the ball 

. * Thes^ terms will be ie^plained hereafter. 
YOL. V. H 
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to the garden.:**- Here you see all the 
objects perfectly expressed. 

Jamts. . Butlliey are all inverted. 

Tutor. 'That is the gfeat defect 
belonging to this instrument; but I 
wH tell you how it may be re-^ 
medied: take a looking-glass and 
hold it before you with • its face to- 
wards the picture on the screen^ and 
mciining a little downwards, and the 
images will appear erect in the glass, 
and even brighter than they uere on 
4;be screen. 

Chm^ks. You have diovvn us in 
what manner the rays of light are 
refracted by convex lenses, when 
those rays are parallel. Will there 
not be a difference if the rays con- 
verge,, or Sokrge before they enter the 
lens ? 

Tutw. Certfiinly: ffrays^vw^'e'r^^ 
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befi»e they enter a convex leas, they 
will 1)6 collated at a pomt vitarer: 
iboi the lens thaa the fpcua of parallel 
nys. But if they diverge before 
tbay eoter the tens, they will then be 
collected in a poiat b^ond the) focus 
«r parallel rays. 

There are concave lenses as weii 
tajconvexy aod.thfe refraction wWch 
^kes place by mpans of these differs 
fj^xu that which I have already ex* 
p}ai&^. 

Chflriei. Wbft will the effect of 
i^fraetion be, when parallel rays fall 
Vpon a double canpave lens ? 

Tuior. Suppose the parallel ray* 
M, by c, df &c, (Plafe ii. Fig. 14.) 
pass tbrouf^ t,he lens a b, they will 
diverge aftel: tb^y have ^s&ed tbroiigb 
the glass, 

H 2 
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James. Is there any rule for ascer* 
tainingrthe degree of divergency ? 

Tutor Yes; it will be precisely 
so much as if the rays bad come from 
a radiant point x, which is the centre 
of the concavity of the glass. 

Charks. Is that point called the 
focus ? 

Tutor. It is called the virtual or 
imaginary focus, Tbu$ the ray «, 
after passing through --the glass a b, 
will go on in the direction g h, as if 
it had come from the point % and 
no glass been in the way ; the ray A 
would go on in the ' direction m n^ 
and- the ray e in the direction r s^ 
and so on. The ray c x in the cen* 
tre suffers no refraction, but proceeds 
precisely as ii no glass had been in 
the way. 
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James. Suppose tUe len$iiad been 
coticave only on o|ie iide, and 1t^ 
odier sidie had been ftat, bow would 
^ rays have diverged ? 

Tutfitr. TheywouW have diverged 
inltar passing through it, as if they 
hadxome fmm a radiant point at tiie 
distahce of a whole diaineter of the^ 
eonrexity of the lens. • 

Sharks. There is ttien a great 
siinilacity initherefiviction of the con- 
vex and concave lens. 

Tutors True: theyia^^ofadouble 
convex is at the distance of the radius 
of convexity, and so is the imaginary 
focus of the double coqcave; and 
the focus of the plano-convex is at 
the distance of the diameter of the 
^onvexity, and so is the imaginary 
focus of the piano concave. 

You will find that images formed 
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by Ji coneave lens, or. those fordied 
by a convex lens, wh^e the object is 
mthin its prinliripdl focus, are in tibe 
saroe position with the objects, they 
represent : they are also imagimry, 
for the irefracted rays never naeet at 
the foci whence they seem to diverge. 
But the imaged of objects plabed 
beyond the focus of a convex lens 
are inverted, andrealy for the refract- 
ed rays do meet at their proper foci. 
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CONVERSATION VIII. 



Of the Nature and Advantages of 
Light — Of the Separation of the 
Rays of Light by means of a Prism 
— And^ef compounded Ray's ^ Sfc. 

TUTOR. We cannot contempkte 
tbe nature, of light without being 
struck , with the great advantages 
which we. enjoy from it. Without 
that blessing our conditio^ would be 
truly deplorable. . 

. Charles. I well remember how 
feelingly Milton describes bis situa- 
tionafter he lost his sight : 
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-With the year 



Seasons return ; but not to me returns 
Day, or the sweet approach of ev'n or morn, 
Or sight of vernal bloom, or sniamer's rose. 
Or flocks, or herds, or human face divine ; 
But cloud instead, and ever-during dark 
Surrounds me, from the cheerful ways of men 
Cut off, and for the book of knowledge fair, 
Prescpied witli an universal blank 
Of Nature's works, to me expung'd and raz'd, 
And wisdom, at one entrance, quite shut out. 

Tutor. Yet his situation was i^en- 
dered comfortable by means of friends 
^nd relations, who all possessed the 
advantages of light. But if our wofld 
were deprived of light, what plea- 
sure or even comfort could we ea^ 
joy. I " How," says a good writer,' 
" could we provide ouFselves^' witH 
food, and' ttie other necessaries of 
life? How could we transact the least 
business } How could we correspond 
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with each other, or be of the least 
reciprocal service without light, and 
those admirable organs of the body, 
^kidch the Omnipotent Creator has 
adapted to the perception of this in- 
estiiiiable benefit ?" 

^ James. But you havfe toH us that 
the light would be of comparatively 
small advantage without an atmo* 
sphere. 

Tutor. The atmosphere not only 
refracts the rays of the Kght, so that 
we enjoy longer days than we should 
without it, but occasions that twi- 
light, ^hich is so beneficial to our 
eyes; for without it the appearance 
and disappearance of the sun would 
have been instantaneous; and in 
every twenty-four hours we should 
have experienced a sudden transition 
from the brightest sun-shine to the 



most profpund dlarktiessi and from 
Ibkk darkness to a biftze of ii^bt 

Chark». I know how painful that 
would be, from having slept in a ver^^ 
dark: room, apd having suddenly 
opened the shutters when l^e stin w«s 
shmiag extresiely bright. 

Tuti^. The atmosphere reflects 
also the light in every du^ection^ and 
if there were no atmosphere, the sua 
^onld benefit those only who looked 
tov^ards it, and to those whose backs 
were turned to that luminary it would 
all be daxdcness. Ou^t we notthere^ 
fore gratefiiily to acknowledge the 
wisdom find goodness of. the Creator, 
who has adapted these things to the 
advantage of hts creatures ; and may 
we not ivith Thomson devoutly ex- 
claim : . r 
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tlow then siiaU I attempt to sing of HiiA 
Who, li^t himself, ia uncreated light 
Invested deep, dwells awfully retir'd 
From mortal eye, or angel's purer ken ; 
Whose single smile has, from the first of time, 
Fill'd, overflowing, all yor. limps of heaven, 
That beam for evev through the boundless sky : 
But, should He hide his face, th' ostonish'd 

sun, , 
And all the extinguished stars would loosening 

reel 
Wide from their spheres, and Chaos come 

again. — 

James i I saw in some of your ex- 
fferiments that the rays of lights after 
|>assing through the glass, were tinged 
with different colours, what is the 
reason of this?. 

Tutor. Formerly light was sup*- 
posed to be a simple and uiKX)mT 
fouaded body; Sir Isaac Newton, 
however, discovered that it was not.li 
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simple substance, but was composed 
of several parts, each of which has 
in fact a different degree of refrangi- 
>ility. 

Charles. How is that shown ? 

Tutor. Let the room be darkened, 
and let there only be a very small hole 
in the shutter to admit the'sun's rays ; 
instead of a lens I take a triangular 
piece of glass, called a prw7i ; now 
as in this there is nothing to bring 
the rays to a focus, they will, in pass- 
ing through it, suffer different degrees 
of refraction, and be sefKirated into 
the different colourM. rays, which 
being received on a sTieet of white 
paper will exhibit the seven follow- 
U}g colours :*' redy^ \crihge, yellow^ 
greenj bluer indigo^ and biokt ; ancf 
nowjou shall hear a{if>et's descripr 
tionofthemj j . ^jnl' . ' 
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^Fini the flaming red 



Sprung vivid foirtb ; the tawny orange next; 
And i^ext delicious yellow ; by whose side 
Fell the kind beams of all-refreshing green. 
Then the pure blue, that swells autumnal skiers . 
Etheteal play'd ; and then of sadder hue. 
Emerged tiie deepened indigo^ as when. 
The heavy skirted evening droops with frosty 
While the last gleamings of refracted light 
Dy'd in the fainting violet away. 

TiiOMsoy. 



Jainc$. H^re are all the coloiirs 
of t]ie rainbow : the image on the 
p^per is a 3ort of ob]ong. > 

Tutor. That oblong image is 
usually called a spectrum^ and if it 
be divided into 360 equal parts, tlie 
red will occupy 45 o( tlieiu, the 
orange .£7, the yellow 48, the green 
and the blue 60 each, the indigp 40, 
and the, violet 80, 

VOL. V, , I 
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Chalks. The shade ef difference 
in some of tiiese col*iirs iseeiiis very 
small indeed. 

tutor. Yoii are not tlie only per- 
son who has made this observaticm; 
some experimental pliUosophefs say 
there are but three origimtl and truly 
distinct colours, viz. the nd^ yellmv^ 
and blue. 

Charles. What is called the orange 
is surely only a mixture of the i^ed 
and yellow, between which it is 
situated. 

Tutor. In like mariner the grefeii 
is said to be a mixture of the yeHow 
and blue, and the violet is but a 
fainter tinge of the ind^. 

James. How is it then that light, 
whigh consists of different colours, is 
usually seen as white? 

Tutor, By mixing the several co* 
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iours in due proportion whhe may 
be produced. 

James. 1>) you mean to say that 
a miicture of red, orange, yellovr, 
green, blue, infligo, and violet, in 
any proportion, m\l produoe a white ? 

fl§i09\ If you« divide a circulao 
surface into 360 parts, and then paint 
It in the proportion just mentioned, 
Aat is, 45 of the parts red, 37 orange, 
4&'ycllow, &c. and tuni it round with 
great velocity,. the whole will appear 
of a dirty white, and if the colours 
were more perfect the white would 
be so too. 

James. Was it then owing to the 
separation of the different rays, that I 
saw the rainbow colours about the 
edges of the image made with the 
lens ? 

Tutor. It was : some of the rays 
12 



88 OPTIC s, 

were scattered, and not brought to a 
focus, and these were divided in the 
course of refraction. And I may tell 
you now, though i shall not expjaia 
it at |>resent, that th9 rainbow in the 
heavens is caused by tlie separatioa 
of the rays of light Jnto their compo- 
nent parts. 

Charks. And w.as that the cause 
gf the colours which we saw on some 
sbap bubbles which James was mak* 
ing witii a tobacco-pipe.^ 

Tutor. It WHS. 
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CONVERSAllON IX. 



QfColpurs^ 

^HARLJi^S. After what you said 
yes(e)xlay, I ^u at a lo^s to Igiow the 
cause of different colours : the cloth, 
on this table is green ; that of whi^h 
iqy cQ^t is made is blue^ what mafces 
the difi'erence in these? Am I |o l?e-, 
lieve the poet, that 

Colours are but phantoms of the day, 
With that they're born, with that they 'fa^dfc 
away ; 

I3 
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Like beauty's charms, they but amuse the 

sight, 
DaAia themselves, till by reflection bright; 
With the sun's aid to rival him they boast, 
But light ^vithdrawn, in their own shades are 

lost, 

Hughes. 

Tutor. All colours are supposed 
to exist only in the light of luminous 
bodies, such as the sun, a candle, 
&c. and that light falling incessantly 
upon different bodies is separated 
into its seven priiHitive colours, some 
of which are absorbed, while others 
are reflected. ' 

James. Is it from the reflected 
rays that we judge of the colour of 
objects? 

Tutor. It has generally been 
thought so; thus the cloth on the 
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taUie> abisorbs. all the rays btxt the 
green, which it reflects to.theveye: 
but your coat is of a dHFerent.tex? 
tare*: ^nd ^absorbs all butt the blue 
rays.. '.' *'f ^ - . ;.-•!' 

.Charles. .W'iiy. h paper ahdtiie 
snovl white f. 

Tutor. Theivrhiteness of paper is 
occasioned by its reflecting the great- 
est p.^rt of atf ihe rays that; fall upon 
it. And every flake of snow being 
an assemblage of jfrozen globules of 
water sticking together, reflects and 
rdfmets th^ light that falls upon it in 
all directions so as to mix. it very intin 
ag^teiy^ and produce a white image on 
the eye. 

James. Does the whiteness of the 
sons light arise from a mixture of all 
the primary colours ? 
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Tutor, it does, as may be easUy 
proved by an experiment, for if any 
of the seven colours be intercepted at 
the lens, the image in a great mea* 
sure loses its whiteness. With the 
prism I wiil divide the ray into its 
seven colours*, I will then take a 
eonve|[ iens in order to re-unite them 
into a siilg^ ray, which aviU exhibit 
a rpund image o( a shining white; 
but if only five or six of these rays be 
taken with the lens, it will produce a 
dusky wjbite. 

Chatties. And yet to this white 
colour of the sun we are indebted 
for all the fine colours exhibited in 
nature: 



* A figure will be given on this subject with 
explanations. Conversation XVIII. on' the 
-Jlainbow. 
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Fairesl.Q( beings I fiist created light I 

P|:ime cause of beauty ! for from thee aioae, 

The sparkling gem» the vegetable race, 

The nobler worlds that live and breathe/their 

'' ^ charms, 

The ldvely=h»es j)cculiar to each tribe, 

From thy uafeiling source of splendcMr.drav. / 

Tui^r. Tliese are very<apprppfif^t^ 
lines^ for without light the diainoa<Ji 
wpuld Iqiie all its beauty. ^^ 

Jayies. The diamond, 1 know, owes 
its brilliancy to the power of reflectii^ 
afmost all the rays of light that fall on 
'it : but are vegetable and animal tribes 
equally indexed to it? r' 

Tutor. What does the gardener 
dp to mal^ his endive and lettuces^ 
vhit^?,. : 

Charles. He ties them up. 
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Tutor. Thai is, he shuts out the 
light, and by this means they be- 

. come blanched. I could produce you 
a thousand instances to show, not 
only that the colour, \>\xt even the 
existence of vegetables, depend upon 
K^t; Close wooded trees have only 
leaves on the outside, such is the 
eedar in the garden. Look up the 
kiflide of a yew tree, and you will see 
that the inner branches are aitnost, or 
altogether barren of leaves. Gera- 
niums and other greenhouse plants 
turn their flowers to the light; and, 
plants in genera 1, ifdoomed to dark* 

' ness, soon sicken and dial 

James, There are sopie flowers, 
the petah of -which are, %p diflbrent 
parts, of different colours, how do 
you account for this? 
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na&r^ The flower of the b^arts^ 
t^M is of this kind, and if e5catnined 
with a good microscope, it will be 
found that the tejcture of the blue 
and yellow parts is very different. 
The texture of the leaves of the 
wlute and red rose is also different. 
Clouds also which are so various in 
$heir colours are undoubtedly oipre 
or less dense, as well as being dif- 
ferently placed with regard to the 
eye of the spectator; but the whole 
depends on the light of the sun for 
their beauty, to which the poet re- 



fiut see, tlie flush d horizon flames intense 
With vivid red, hi rich profusion streamed 
O'^ heav^fi's jntte arch. At Oii^e the clouds 

assume 
Their gayest liveries ; these with silvery beams 



96 ^OPTICS. ' 

Friog'4 lovely ; splendid tMn in licjnid g9td : 
And speak thc^r sovereign's s^te. He copies, 

I behold! 
Fountain of light and colour, warmth aijd life! 
^The king of glory ! 
'■■' '^ Mallet, 

:■' .- ' ' • . r 

Charles. Are we to undei-stand 
that all colours depend on the jre^ 
flection of the several coloured rayi 
of light? 

Tutor. This seems to have been 
the opinion of Sir Isaac Newton ; but 
he concluded from various experi- 
ments on this subject, that every sub- 
stance in nature, provided it be re- 
duced to a proper degree of thinness, 
is transparent. Many transparent 
media reflect one colour, and traus- 
^mit another: gold-leaf reflects the 
yellow, but it transmits a sort of green 
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colour by hoWing it up against ^ 
strong light/ 

. Mr* Delaval, a gentieman who a 
few years since made many experi- 
ments to^ ascertain bow colours »re 
produced^ undertakes to show that 
they are exhibited by rtr^smitted 
.tight) alone, and. not by reflected 
l^bt. 

- I James. I do not see how .that can 
he tlie case with bodies that are not 
transparent- '^ 

Tuto7\ He infers*, from his ex- 
-perinfientft, iwhicli you may hereafter 
Examine fdr yourselves, that the ori- 
ginal fibres ' of all substances, when 
cleared!^ betel-ogeneous matter^ are 
pprfectly^^vtrit?Q^' and that the rays: of 
light are reflected from these white 
particles through the colouring mat- 
ter with which they are covered, and 

VOL. V- K 
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that this colouring mMter sAervea to 
intercept certain rays in their passage 
through it^ while a free paseage being * 
left to others, they will exhibit, ac- 
cording to these circumstances, dif- 
ferent colours. — The red colour of 
the shells of lobsters after' boiling, he 
says, is only a superficial covering 
spread over the white calcareous 
earth, of which the shells are com- 
posed, and may be removed by scrapp- 
ing or filing. Before the applicatiod 
of heat it is so thick as to appear 
black, being too thick to admit the 
passage of light to the shell and back 
again. The cbse is the same with 
feathers, which owe theii? colours to 
a thin layer of transparent nmtt^ on 
a white ground. 
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CONVERSATION X- 



Reflected Lights and Plain Mirrors. 

JJ7T0R: We now come to treat 
of a diffcreat species of glasses, vizJ 
pf mirror^y or, as they are sonietimes 
called, specula. 

James. A looking-glass is a mirror, 
is it not? 

Tutor. Mirrors are made of glass, 
silvered on one side; they are also 
madeof highly: polished metal. There 
arc three kinds of mirrors, the plain, 
the conve.Vy and thp concave. 
K 2 
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Chaj^ks. You have showji us that 
in a looking-glass or plain mirror, 
**The angle of reflection is always 
'^ equal to the angle of incidence*/' 

Tutor. This rule is not only ap- 
plicable to plain mirrors, but to those 
which are convex and concave also, 
as I shall show you to-morrow. But 
I wish to make sonie observations , 
first on plain mirrors* In the first 
placfe, if you wish to see the complete 
image of yourself in a plain mirror or 
looking-glass, it must be half^ long 
as you are high. 

James. I should have itna^ned tlie 
glass must have been as long as I am 
bi^h, * f : 

.. Tutor. In looking at your imag^ 
in the glass, does it not s^em to be as 

*.Seep,lS4. 
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fiir behind the glass as you stand 
before it. 

James. Yes: and if I move for- 
wards or backwards, ^e image be- 
hind the glass seems to approach or 
recede. 

Tutor. Ij&tab (Plate ii. Fig. 15.) 
be the looking-glass, and a the spec- 
tator, standing opposite to it. The 
ray from his eye will be reflected 
in the same line a a^ but the ray 
c b flowing from his foot, in order 
to be seen at the eye, must be re- 
flected by the liiie b a. 

Charles. So it will, for if j;* i be 
a line perpendicular to the g^ass, the 
incident angle will be c & .r, equal to 
the reflected angle a b .r. 

Tutor. And therefore the foot will 
appear behind the glass at p along 

k3 
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tlie line a i Dj because that is the line 
in which the ray last approaches the 
eye. • . . . 

James. Is that part of the glass 
a A intercepted by the lines a B and 
A D, equal exactly to half the length 
B b, or AC? 

Tutor: It is; a ah and a b d may 
be supposed to form two triangles, 
the sides oi whicl^ always bear a -fixed 
proportioh to one another; and if 
a B is double of a a^ as^ in this case 
it is^ B D will be double of a b, or at 
least of that part of tlie glass inter- 
cepted by A B and a' d. 

CAarlcs. This: will hold true^ I 
see, staad at what distance we please 
from the glass, ' ' 

Tutor. If you. walk towards a 
looking-glass, your image will ap- 
proach, but with a double velocity, 
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tecause the two moticms are:- equal 
(Old contrary. But if, while you 
stand before a looking-glass^ 'your 
brotiier walk up to you from behind, 
his image will appear to you to move 
at the same rate as be ivalks, but to 
hiih the velocity of Ihe image will 
appear to be double ; for with regard 
to you, there will be but dlie motion, 
but with regard to him, there will be 
two equal and contrary ones. 

James. If I look at the reflection 
of^a candle in a looking-glass, I see 
in fact two images, one much fainter 
than the other, what is the reason 
of this? 

Tutor. The same may be observed 
of any object that is strongly illumi- 
nated, and the reason of the double 
image is, that a part of the ray ^ are 
immediately reflected from the upper 
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surface of the glass which foi*m th^ 
faint image, while the greater part of 
them are reflected fjom the farther 
3yrface, or silveritig part, and form 
the vivid image. To see these two 
images you must stand a little &id&» 
ways, and not directly before thfe 
glass. 

Charks. What is meant by the 
expression of *^ An image being 
formed behind a reflector r" 

Tutor. It is intended to denote 
that the reflected rays come to the 
eye with the same inclination as if 
the object itself were actually behind 
the reflector. If you, standing on' 
one side of the room, see the image 
of yi)ur brother, who is on the other 
side, in the looking-glass, the image 
seems to be formed behind the glass, 
that is, the rays cenne to your eye 
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precisely iu'the same way as %hey 
would if your brother hiiusoll; stood 
ia that place,, wthout the inter veatjpn 
of a glass. i .r 

James. But the.iqaage in the glass 
is nc^ 6Q fappigbt Of, vivid. a$ t\k 
ajbject. 

,.. Tutixr. A plain mirror is ia theory. 
supposed to reflect all the light which 
ialls vpoD it, but in practice nearly 
half the light is lost ou accouat of the 
inaccuracy of the pplisb, &c. 

Charks., Has it not been said, 
that .Archii^ede&5 at the siege of 
Syracuse, burned the ships of Mai^ 
cellus, by a ms^chine composed of 
mirrors? 

Tutor. Yes: but we have bo cer- 
tain accounts that may be implicitly 
relied on. M. BufFon, about fifty or 
•sixty years ago, burned a pkmk at 
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the distence of seventy feet, with forty 
plsun mirrors* 

JmMM. I do not see^ how they caa 
act as burning glasses. 

Tutor. A plain mirror reflects the 
light and heat coming from the sun, 
and will illuminate and heat aqy sub«> 
stance on which they are thrown, in 
the same manner as if the sun shone 
upon it. Two mirrors wW reflect 
on it a double quantity of heat; and 
if 40 or 100 mirrors could be so 
plaeed as to reflect from each the 
heat coming from the sun, on any 
particular substance, they would in- 
crease the heat 40 or 100 times. 
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, CONVERSATION XI. 



Of Concave Mirrors — thtir Usc$ — 
how thejf act. 

JAMES. To what U9e$ ar^ €90^ 
cave mirrors applied? 

Tutor. They ar^ chiefly used ia 
reflecting telescopes; that is^ ia tele- 
scopes adapted to viewing the hea^ 
venly bodies. And as you like to look 
at Jupiter s little moons and Saturn's 
ring through toy tdescope^ it may 
be • wortli your while to take some 
pains to know by what m^ans this 
pleasure is afforded you. 
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Charles. I shall not object to any 
attention necessary to comprehend the 
principles on which these instruments 
are formecL 

Tutor. A B (ftat6 ii. Fig. 16.) 
represents a concavQ mirror, and a b, 
c d, ej] three parallel rays of light 
faHi»g* upon k. c is the centre 'of 
concavity, that is, one leg of your 
compasses being placed on c, and 
iSkeh ofien theni to the length • c d, 
and the other * ?eg will touch - the 
iiAirtpr^A B in all Its parts. ^ ... > 
' James^^^htn -all the fines drawn 
from c to the glass \riH be %qnni io 
one aricHher, a& c ^j c d, and t^y^- - 
• ntar.' ltief^\^i\y:%mMhk^^ h 
'^^Mi!^ property -bclongifig tai;hlfem ; 
%Hey ar{?*afl |5^rpw^ciJ(l^io^tli€f glass 
inthC'pa^^fe vi^k^e Hifey ^buch. "■^'•^ ' 
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Chkifk^. That is c h, atijl c/a¥e 
perpendkokr to the glaiss* at h »(id ^^ 
as well as c </at ^. 

Ttstdry Yes, A*y are: — e if is an 
iniickM ray; but as it ipfasses through 
the centre of concefcvity, it \i^i!l h&itb^ 
fleeted back in the same line, ibttiPi^; 
as it makes no arigle of incid^ce^ - so* 
tttere will be no anglii of reflection: tt 
ft is an incident ray, sind I waiilt'^ttt 
khoj* what will be the dir^cfiofatrf th* 
reflected ray? J ' -' • - 

Charles. Since c ft is perpetidt 
cnkr t6 the glass at ft, Ae angl^ of 
incid^ce is a ft C; and asf the ahgte 
of reflection is always equal to the 
angle of incidence, I must^make j^n- 
qther ang^e^ as c ft % equal to,a ft c*, 

* To make an angle' c bm, eqdal to in6tlkt 
given one, as a^ c. From l^ as a centre^ with 
VOL. V, I* 



aad iben (be lii^ M 91 js tbat in which 
tb^^jji^yept Tfiy wLiH^iiH>V€ ^aftcr re- 
flection. ^ }.t >. . 
; T^tccr:* ^Ca,% yjs^ James, tell me 
how tOjfipd the ilipe in which the in- 
ciijeat ray e Jl\ yf\\\ ipave after re- 

i, Z^:^ Y^- ' I:, will make the 
¥^^h^Jj^ equiil .to C /e, apd the 
^^sfiVf' !* *!1 b^ ^^ ^^ which the re- 
j^fectjj^.rfisy will a?q*e; therefore ^y'is 
r'eflected to the same point rm&ab 

- . Xuior* , If, instead of two incident 
rayi»^ a^* qfumber wpv^ dravyn pjiral^ 

any rac^ius ^ x, d^^cribe the arc s o, which 
wilf cut c h in z," £ake the 'distance * z in your 
cortpasies; aiid ie< c)tf With it s: o, ^d then 
draw the line ^ o m, and the angle vsxh c\% 
^qiuj^ the (lugle ah,^ 
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lei to c dy tfeey ivouW every orie be 
reflected to the same point m; add 
that point which is called the focus of 
parallel rays is distant from the mirror 
equal to half the radius c d. 

Jnmes. Then we may easily find 
the point without the trouble of draw- 
ing the angles merely by dividing the 
i^dius of ccMicavity into two equal 
parts. 

Tutor. You may.— The rays, as 
we iiave already observed, which pro- 
ceed from any point of a celestial ob- 
ject ,may be esteemed parallel at the 
earth, and therefore the image of that 
point will be formed at »?. 

Charles. Do you mean that all 
the rays flowing from a point of a stajf, 
and falling upon such a mirror, will 
be reflected to the pcwnt /», where the 
image of the star will appear? 
x-2 
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' l}4tpr. J ^\{ ther^ be any thioig 
ftt^th^ point m to receive the image. 

James. Will not the sgtoe rulf 
hold with regard to tferrestii^l ob- 
jects? 

Tuf^r. No : fon the rays wtych 
I>rpfie0d from any terrestrial olyac*; 
iiQy^Vev Demote^ ewnot be e&tei^niei 
strictly parallel, they therefore com^ 
dherging; and will not be converge^ 
to ^ single pointy at the distaoce of 
half the radius of the mirror's connavity 
-from the reflecting ifu^face; bol: in 
separate points^ at a little greater di- 
stance from the mirror than half the 
radius. 

• Charles. Can you explain this by 
a figuriB? 

Tutm\ I will ^endeavoqr to do so. 
iuct A B (Plate II. Fig. 17) be a 
concave mirror, and m e any remote 
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object, from every part of which rays 
will proceed to every point of the 
mirror ; that is, from the point M rays 
will flow to tevery point of the nwr- 
ror, and so they will from e, and 
from every point between these ex- 
tremities. Let us see wbere the rays 
that proceed from m to a, c, and b 
will be reflected, or, in other words, 
where the image of the point m will 
be formed. , 

James. Will all the rays that pro- 
ceed from M, to different parts of the 
glass^ be reflected to a single point? 

Tutor. Yes, they will, and the 
difficulty is to And that point : I will 
take only three rays to prevent con- 
fusion, viz. M A, M c, M b; and c is 
the centre of concavity of the glass. 

Charles. Then if I draw c a, that 
line will be perpendicular to the glass 
X3 ' 
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at the point a ; the angle m a c is now 
given, and it is the ^ngle of inci* 
dence. 

James. And ^u must make an- 
other equal to it as you did before. 

Tutor. Very well: make c a .v . 
equal to m A c, an^ extend the line 
A a' to any length you please. 

Now you have an angle m c c made 
with th^ ray ¥ c, and the perpendi- 
cular c Cy which is another ^ngle of 
incidence. 

Charles. I will make the angle 
of reflection ccz equal to it, and the 
line c z being produced, cuts the line 
A .r in a particular point, which I will 
call m. I 

Tutw* Draw now the perpendi- 
cular 9^ and you have with it, and 
the ^-ay m b, tjb^ angle of incidence* 
H ^ c : Q^Ve another angle equal to 
it, as its angle of rf^ection. 
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James. There it is c b u^ and I find 
the line B u meets the other lines at 
the point vi. 

Tutor. Then m is the point in 
which all the reflected rays of m will 
converge; of course the image of the 
extremity m of the arrow e m will be 
formed at 772. Now the same might 
be shown of every other pai*t of the 
object M E, the image of which will 
be represented by e f«, which you see 
is at a greater distance from the glass 
than half c c, or radius. 

Charles. The image is inverted 
also, and less than the object. 
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CONVERSATION XII. 



Of Concave Mirrors, and Expert' 
merits on them. 

TUTOR. If you understand what 
we conversed on yesterday, and what 
you have yourselves done, you will 
easily see how the image is formed 
by the large concave mirror of the re- 
flecting telescope, when we come to 
examine the construction of that in- 
strument. In a concave mirror the 
imaige is less than the object, when 
the object is more remote from the 
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mirror ihw .€, the cmtre of cofiCfi^ty^ 
imd 4n tbatciM the inmge ie fa^tween 
the objfid fltn A mirror. ' 

James. Sufkpese tiiie object be 
fdaeed in ^'cmtre c? 

T^i^^or. Then the loiage and obf 
Ject if^ coiivside: and tf the object 
is placed udarvel* to tijie glas« than the 
cenire £> then the ifliage will be 
more i^mote, end bigger than the 
objeet 

Charles. I should like to see this 
iliiidtrftted by an experioient 

Tut&r, Well, here is^ a laif^ cDOi* 
cave mirror: place yourse}f before it» 
beyond the centre of the concavity; 
and wilh a titde care in adjusting 
your position, you will aee an inverted 
4mage o# your^tf m the air between 
you and the mirror, and. of a lew 
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size than you are. When yon see 
the image, extend your hand gently 
towards the glass, and. the hand of 
the image m\l advance to meet it 
till they both raeet in the centre erf 
the glass 8 concavity. If you carry 
your hand still farther, the hand <rf 
the image ^vill pass by it, and come 
between it and the body: now move 
your hand to either side, and the 
image of it will move towards the 
other. 

James. Is there any rule for find- 
ing the distance at which the image 
of an object is formed from the 
mirror? 

Tutor. If yqu know the radius of 
the mirror's concavity, and also the 
distance of the object from the 
glass, 
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*^ Multiply the distance and radium 
together, and divide the product Jby 
^ double the di«ilance less by tbje raidkls^ 
and thequolai^qt is ^e distance re- 
quired."^ ^ 

Tell me at what distance the ifnage 
of an objeqt will be^ suppose ^ the ra* 
dias of the concavity of the mirror be 
13 inches^ and the object be at ^18 
inches from it. ... 

James. I multiply \% by 12, which 
is equal 216; this I divide by dopble 
18 or 36 less by 12| that is 24; but 
216 divided by 24 giv^s 9, whicb is 
the number of :in(:hes required. 
, . Tutpr. You may vary, this ex* 
ample in order to impress the rule on 
youpr mem(H*y ; and. I will shqw yon 
another expei^imentw I take thisbQ^ 
tie, partly full of iit^ater, and corked^ 
and place it opposite the concave 



130 Op«ed. 

mitpot, and be}>bnd the ^us, thM it 
itiky^ App^^t to be rava^ned : nCfw stand - 
ft littletfkrflier distaM tib^dtbi botfle^ ^ 
and ydu will ^e the boMfte iMv^i^d iih 
the air, and the water which is in the 
lower part 0# (be botfle^ wllJ' ^pear 
t6 be ih th^ upf>er>-^J ^31 ittreft- tfte 
bottJej itid uncork if, Atfd''>#hitet the 
water k rurtning oot, ' the huag*^ wift 
appear to be filling, bti« when tilli 
boHJltf i»^ empt^, th6 illtifeibn- ia at an 
endv '^'^' ^ • : •■ .-' 

ChdtPte^ Are cbiicave tiiirror& e<w 
used a» butnittg-glase^? • 

Tutor. SitM* H' ie^ihe j^operty <tf 
thdsetiiirfot^tG^^Ms^ parallel i^ya to 
«dm;^e td d fcMii^,' »)d siUd6 th(^ 
i^a^s Of tbe^ fidn' #^e - <(M6id«ted^ ti^ 
^SKralieli fibey are ^^fy^ ii^tiP H9\mi^ 
ing-^ss^fr, ^"d the^ pritictpet fodus 
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James. la ikii image form^ B^r a 
ceocave ttaxxm always before it^ ^ ' 

Tutor. In all casesy except w&M 
tfae objett is nearer ta the mirrot^ thait 
(be principal focas. 

Chm^les. U tbe imags thevi b^hiftd 
tbejiiiiTOf ? 

' Tiitof . It is f and f^trtHer bi^hkid 
the mirror dian tbre object isr befbt<6 K 
lasi A c (Plate iti." Kg. .3«.> l^^ * 
mirror, and ot^ z the dlj^df bee^^ei 
the centre k of the glass, and the glass 
itself; and the image :c y z will be be- 
hind the glass erect, curved, and mag- 
nified, and of course the image is 
farther behind the glass than the object 
is before it. 

James. What would be the effect 
if, instead of an ppaque object x z, a 
luminous one, as a candle, were placed 
in the focus of a concave mirror? 

VOL. V. M 



t: TUhfr. It would strongly illumi- 
nate a space df the same dimension 
fbs |be mirror to a great distance ; and 
)f,^e candle were still nearer the 
mirror than the focus, its rays will en- 
tight^ii a larger space. Hence you 
may understand the construction of 
piaDy <>f the lamps which are now to 
be 9§w inrmany parts of London, and 
which/; are undoubtedly a great im* 
provement in lighting the streets. 
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CONVERSATIOxN XIII. 



OfConccpve and Convex Mirrws; 

TUTOR. We shall devote ai^ 
other morning or t^o to the subjeot 
of reflection from mirrors of different 
lands. . . ; ; . 

Ckarks. .You have not said any 
thing about conves mirrors^ and yet 
they are now very much b fashion in 
handsome ,drawii:lg*rooms : I have 
^een several, ai!id always observed 
that the image was very much less 
thaik the object*. . 
m2 
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Tutor. A convex mirror is an 
ornamental piece of furniture, espe- 
cially if it can be placed before a 
wfadow^ either with a good prospect, 
or where there are a number of per- 
sons passing and repassing in tlieir dif- 
ferent employments. The images re- 
flected from these are smaller than the 
ol^ects, erect, and behind the sur- 
face, therefope a landscape or a busy 
Mtne delineated on one <^ them, is 
iihvay« a beaatiful object to llie eyf » 
'For the same reason a f^ass of tim 
kind in a room in which large as^ 
igemblifit meet, forms: an extremely 
iateresltng picture* You may eitsily 
4X)nceiye bow the QmvesL micr^r di- 
minishes objects, or live images of 
objects, by consideriiig in what man^ 
ner they are magnified by the cemr 
cave miri;dr. Ifa^yg (Rg- 18.) were 
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a straight object before a amcex tnir* 
ror A Cy the image by reflection would 
be X z. 

James. Would it not appear curved r 

Tutor. Certainly: for if the ob- 
ject be a right line, or a plain sur* 
fade*, its image must be curved, be- 
cause the different points of the object 
are not equally distant from the re- 
flector. In fact, the images formed 
by convex mirrors, if accurately com* 
pared with the objects, are never ex- 
actly of the same shape. 

Charles. I dp not quite compre- 
hend in what manner reflection takes 
place at a convex mirror. 

7«/ar. I will endeavour by a figure 
to make it plain: c d (Plate in. 
Fig. 19) represents a ccMivex mirror 
standing at the end of a. room, before 
which the narrow a b is placed on one 
M 3 
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6ide or obliquely: where must the 
spectator stand to see the reflected 
image ? 

Charles. On the other side of the 
room. 

Tutor, The eye e will represa:)t 
that situation: — ^the rays from the ex^ 
ternal parts of the arrow, a and b, 
flow convergingly along a a ajid B 6> 
and if no glaw were in the way they 
would meet at p ; but the glass re* 
fleets the ray a a along a £, and the 
ray b ^ along b e; and as we always 
transfer the image <^ an object in that 
direction in which the rays approach 
the eye, we sw the image of a along 
the line x a behind the gla$8» and 
the image of b along e b, and, of 
course, the image of the whole arrow 
is a.t s. " 

By mMns of a similar diagram, I 
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will diOTf you more clearly the prin- 
ciple of the concave mirror. Suppose 
an otrject e (Plate iii. Fig. 30.) to be 
beyond the focus, f, and the spectator 
to stand at z, the rays e b and e rf are 
reflected, and where they meet in e the 
spectator will see the image. 

Jtvne^. That is between himself and 
the object. 

lutor. He must, however, be far 
enough from it to receive the rays after 
they have diverged from £, bexause 
evtry enlightened pomt of an object 
becomes visible only by means of a 
c^oe of diverging rays from it, and we 
crijso to see it if the rays become 
j> ra!kl or conver^hg. 

Charles. Is the image inverted ? 

Tmtar. Certainly, because the rays 
bive crossed before they reach thfc 
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Ymi may see this subject in another 
point of v\e\\: let x y (Plate nr. 
Fig. 21.) be a concave mirror, and 
o the centre of concavity : divide 
o A equally in f, and take the half, the 
third, and the fourth, &c'. of f o, and 
mark these divisions 4-, t» t> &^c. Let 
A o be extended, and parts be taken 
in it equal to f o, at % 3, 4, &c; Now 
if any of the points 1, % 3, 4, &c. be 
the focus of incident rays, the corre- 
spondent points 1, 4^, -}■> t> &c. in 
o F will be the focus of the reflected 
rays, and "oict "cersa. 

James. Do you mean by that, if 
incident rays be at ^ ox -J-, or 4, the 
reflected rays will be at 2, 3, 4? 

Tutor. I do: place a candle at 2^ 
and an invented image will be seen at 
4-: wow place it at 4, and it will also 
move back to ^i these images may 
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be taken ou paper held in those re- 
spective places. 

Charles. I gee the farther yoa 
proceed one way with the candk, the 
wearer its inverted ioiage^comes to the 
fx)int F. 

Tutor. True: and it never get^ 

beyond it^ for (bat is the focus of 

parallel rkyi aft^ reflection, or of 

rays that cocne froin an infinite di- 

-stance.^ ■ .^ '. • . . . 

Jame^:^ Suppose the candle were 
at o? . .' ; . 

Ttdor. Tfaiea the object and inaage 
will coincide: apd as the image of an 
object between f, and a concave spe- 
culum, is on the other side of the spe- 
culum, this experiment of the candle 
and paper cannot be made. 

I will now just mention an experi- 
ment that we may hereafter make. 



130 ^ OPTICS. 

At one end of an oblong box, about 
two feet long, and fifteen inches wide, 
is to be placed a concave mirror; near 
the upper part of the opposite end a 
hole is made, and about the middle of 
the box is placed a hollow frame of 
pasteboard that confines the view of 
the- mirror. , Thetopof the box next 
.the end in which the hole is made is 
-covered, with a glass but the other 
half is darkened. Under the hole are 
placed in succession different pictures, 
properly painted, which are thrown 
into perspective by the mirror, and 
produce a beautiful appearance. 
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CONVERSATION XIV. 



Of Convex Reflection — Of Optical 
Delusions'-tOf Anamorphoses. 

CHARLES. You cannot, I see, 
make the same experiment with the 
candle, and a convex mirror, .that 
you made yesterday with the concav0 
one. 

Tutor. Certainly, because the image 
is formed behind the glass; but it 
may; perhaps, be worth oui: while .to 
consider bow the effect is produced 
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in a mirror of this kind. Let a b 
(Plate III. Fig. 22.) represent a con- 
vex mirror, and a^ be half the radius 
of convexity, and take a f, f o, o b, 
&c. each equal a/. If incident r%ys 
flow finom 2, the reflected rays will 
appear to come from behind the glass 
at 4:. 

James. Do you mean if a candle 
be pWed at % the image of it will 
appear to be formed at {• hehindl the 
^lass? 

Tutor. I do: and if tiiat, or any 
other object, be carried to 3, 4, &c. 
the image will also go backward to 4^^ 

Charles. Then, as a person walks 
towards a convert spbericaKreflector, 
the image Appears to walk towards 
him, coDstaatly increasing in magni^ 
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.tiitfe» tiUi tbdj. touch eadi olhtt at the 
surface* 

Tuiar. You ::^11 observe that the 
inaagBi howtvei^ ^stianfc the objisct^ 
is oemr fiurthar off than: at/; that 
is, the imagioary &CQS q£ parallel 
teya. 

James.. ITbe ; difierenoe iheo be- 
tween oonveic and ccfocate* seflector^ 
]9> that tlffi pinat/ in ^former ia be* 
hmd the glas^ aod ia the latti^. ifc is 
before the glass as^. 
. Tutwr. Just bo: ftam: the property 
of difliinishis^ Objects, spherical ro** 
iecton «re not only pleasing cnma* 
meats for our best rooms, but are 
much tiscd by allloTera of pictunea^tf 
iceneipy. ^' Smail eoovex refitetdrs|," 
says Dr, Gregory,. " are made for the 
use of travellers, ivho, when fotigaed 

VOL. ¥• N 
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by stretching the eye td^ Alp^ towering . 
on Alps, can, by their mirror, bfitig: 
these sublime <^jbcl}s^ into a narrow 
compass, ,and gratify:^ tire c sight byi 
pictures wliich the art c^ man in/i^in 
attempts to imitate */^ ' v: • ' 

Concave mirrors have been usod^ 
for maiiy other and ^diiFerent pur- 
poses; for by them, with a' little ia»4 
genuity, a thousand illusions may be 
practised on the ignoi;aat;Bnd credii*. 
lous. ^: 

Charts. I remember ^oing ^Mth 
you to see an exhibitioa'iii Bond- 
street, which you said depended oft 
a concave mirror; I was^ desired to 
look into a. glass, I ^id so, aiad start** 
ed back, for I thou^tithe' point of a 

* See Economy of Nature, Vol. I, p. 26,' 

2d Edition. *• •. 
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dagger .i?^ould have been in. my face. 
L looked again, and a death's head 
snapped at me; and then .{ saw a 
most beslutifiil nosegay, .wbich I 
Mriabed to .grasps but it vanished in 
-an instant' 

jTutpr. f I/will explain hcyw. tbies^ 
deceptions are. ntjanaged : l^tj i; f . 
(Hate 'Uii\ Fig. 2&») be .i^ qonc\sive 
iz^irror, 10. or IS inches jin diameter, 
placed m oae toom; a b the wain- 
scot that separates the spectator from 
it;,.;but in this there is a squj^re or 
circular' opening which faces the mii:- 
rbr dxactly . A nosegay, for instance, 
is inverted at fc,- which must be 
jstrpngly iHumiqated by means, of an 
Argand'$ laiftp; ;b.ut no direct light 
frorii the latnp> is to fall on the mirror. 
Kow a person standing at g will s^ 
itn image of the nosegay at p. 
n2 
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James. What is to make it va^ 

Tutor. In exhibitions of this kind 
there is alwaj$ a person behind the 
wainscot; in league with the man 
that attends the spectator^ who re** 
mov^s tiie real nos^y upon some 
kint uhderfitood between them. 

Charier, Was it then upon the 
man behind tiie scene tiiat the ap«* 
pnoaching sw^rd, and tte advandng 
deaxiilshead, fcc. depended? 

Tutor. It was : and persons have 
undertaken to exhibit the ghosts of 
the dead by contrivances of this kind : 
for if a drawing^ of the deceased be 
placed instead of the nosegay, it 
may be done. But tucb exhibitions 
are not to be recommended, and in* , 
deed ought never to be practised, 
without explaining the whole pro- 
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cess to the astonished spectator after- 
wards. 

If a large concave mirror be 
placed before a blazing fire so as to 
reflect the image of the fire on the 
flap of a bright mahogany table, a 
spectator suddenly introduced in the 
room will ^uppos^ the fire to be on 
the table. 

If two large concave mirrors a 
and B (Plate lu. Fig. 24.) be placed 
opposite each other; at the distance of 
several feet, and red hot charcoal be 
put in, the fdcus d, ?ind some gun- 
f>owd^ in the other focus c, it wiH 
presently take fire. The use of a 
pair of bellows maybe necessary to 
make the charcoal burn strongly. — 

This eKperiment may be varied by 
placing a ithermomJeter id ooe Sdcus^ 
and lighted dbUrvoal inibebthe^ and 
N 3 
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it will be seen that the quicksilver 
in the thermometer will rise as the 
fire increases, though another ther^ 
mometer at the same distance from 
the fire, but not in the focus of the 
glass, Vill not be affected by it 

James. I have seen concave glasses 
in which my face has been rendered ^ 
as long as my arm, or as broad as my 
body, how are j^ese made? 

Tutor. . These images are called 
anamorphoses^ and are produced from 
cylindrical concave mirrors; and as 
the mirror is placed either upright^ 
or on its side^ the image of the picture 
is distorted into a very long or very 
broad image. 

Reflecting surfaces mtty be made 
of various shapes, and if a regular 
iigore he placed before an irregular 
risflectory the imiage will be deformed^ 
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but if an object, as a picture, be 
painted deformed, according to ccr- 
tam rules, the image will appear re- 
gular. Such figures and reflectors 
are sold by opticians, and they serve 
to astonish those who are ignorant of 
these subjects. - 
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<X)NVERSATION XV. 



Of the different Parts qfthe Eye. 

CHARLES. Will you now de- 
scribe the nature and construction of 
the telescope? 

Tutor. I think it will be better 
first to explain the several parts of 
the eye, and the nature of vision in 
the simple state, before we treat of 
those instruments which are designed 
to assist it. 
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James. I once $aw a bullQc^k's 
eye liissected, and was told that it 
jtnitated a human eye in its severd 
parts. 

Tutor. The eye, when taken from 
jthe socket, is of a globular form,, and 
it is composed of three coats or skins, 
^nd thlree oth«r substances called 
bumpurs* This figure (Plate . iir. 
fig. !S15.) represeiiits the sec^on of an 
eye, that is, an eye cut down the 
tniiddle ; and Fig. S6, the front view 
of an eye as it appears in the head. 

Charles, Have these coats and 
humours all different names ? 

Tutor. Yes: the external coat, 
which is represented by the outer 
circle a b c d ;e, is called the sclero* 
tica ; the front part of this, nantiely, 
c a;* D, is perfectly transparent, and 
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is 'called the cornea; hejpwA this, to- 
wards B and £, it is white, and^called 
the white of the eye. • The next iebat, 
which is represented by the second 
circle, is called the charades* 

James, This circle does not go aHl 
roiiiid. 

Tutor. No : the Vacant spacer b 
is. that which we call the pupil, land 
through this' alone the tight is. aQo.wed 
to enter the eye, > 

^Chirks. What do' you call that 
paitf which is of a, beautiful blue in 
some persons, as in cousin Lydia^ and 
in others brown, or almost black ? 
» Tutor. That, as ff c, i e, is part 
of *the choraideSy and : is called the 
iris. ^ 

} Charles. The iris is sometimes 
much larger thaii.it is at another. 
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.'TiOor. It ii9 composed of 4 SQitlol 
net- work, wi)ieh:}Gaatiiact$ or expands 
secordkg lo;tb6 foiree oi: the li^ io 
Which it is placed, ; Let James stand 
in a dark corneji ^' two or three 
minutes t-r-^now look at his eyes* . 

Charles. jThe iri* of each , is Very 
simU^ and the [pqpUi large. 
J \Tmor. N(^4et him look steadily, 
rather close to tfa&cand]e».: \ :[ 
, Charles. The jrfs i3:CpJJsifierably 
enlarged, and » thd jpupil. Qf the ey^ 
bbufca small point Jti. compftrisoiii of 
what it was befoire.. 

Tutor. DiiyiJulriev^rifeel uneasy 
after sitting some time in the dark^ ^ 
when candles ^ejre. suddenly brought 
into the roomi? '. ;. " 

James. . y^; J, .f^member last 
Friday fiVG$mg ^^ h^d ; been sitdng 
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half aft hour alua^stia die dark at Mr. 
W«*^-»'6, aad wlteficaQdiles were in^ 
troduced, every one of the oompanj 
coitipiained ofitbe paaa which the sud- 
den^ Hgbtocedsionedi^ < 

Tutirrt By sitting so long ifi the 
dai^k, the iris n^ ^contracted very 
much, of course the j^ttpil being lai^^ 
mpre li^lf was admitteid than it could 
well bear, and therefore till time was 
allowed for' the iris to aci^iust itself, 
tiieuneasiness wquld^ be felt* 

CkafleSk Whafc do you caU tibe 
third coat, which, from the figure, 
appears to be still less than the cho- 
I Foides ? 

Tutor. It is caH'ed' the reAfna, or 
net-work, which serves to^ receive the 
images of object^ produced by the 
refraction of tk» Siff^pi^ hun^ours 
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of the eye, and pointed, as it were, 
on the surface. 

CharkSi Are the bqmours of the 
eye intended for refracting the rays of 
light, in the same manner as glass 
lenses r^ : > 

• T§4iQr^ They are ; and they are 
called tiio vitreous, the cfystalline^ 
and t\i^ aqmdus humours. The vi- 
/reoMA* hujnour fills up all the space 
z z,.;atithe back of tfie^eye; it is 
nearly vof the^ substanp^j of melted 
glass. ; Xhe cryst^lUm .i$ ij^resented 
by dfy in the shape of adcMJtble.coiv 
vex jens^ : and the ague<fti$, OJr^^^^e^y^ 
hiHnour, fills up all that. part of t}}^ 
eye between the crysf^Uine .hupioui , 
and lli^coijnerc ir^iXjl r^ 

Jamfi^r, What dpesi the part a at 
tl^ie^b^olf c^f ^he e^e represent? - 

VOL. V, o 
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Tbtor. It 18 the optic nerve, which 
serves to convey to the iM^iti the sen- 
sations })rodcided on the retkia. 

Charles. Does the retina intend 
to the brain? 

Tutor. It does : and we shall, 
WKeh wie meet next, endeaviour to 
eiltplaih the ofiBce. of thes6 humouin 
in efTecting Viskm. In the mean 
time, I would request you to considier 
a^aiti u*hb.t t h^ve told you of the 
dffieWtat <parrs of the eye ; tod taa- 
kSftii^, tftl«fe«alWe^e, htnh figures i 
Viz. 3iia$*!26. 

\ Jmee. We *^in : but yOii have 
Skid iidthi&g about the nses «f the 
eye-bi?6*f5 ahct eye4aShes. 

Tutor. I in^ded to havie i^e- 
serveJl thfe to anolJier opportunity ; 
but I may-iidw'' say, that ifei ^eyie- 
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brows defend the eye from too strong 
a light; and tiiey prevent the eyes 
from injuries by the sliding of sub- 
stances down the forehead into them. 

The eye-lids act like curtains to 
cover aiid protect the eyes during 
sleep : when we are awake, they dif- 
fuse a fluid over the eye, which keeps 
i$ dean and well adapted for trani^ 
mitting the rays of light. 

The eye-lashes, in a thousand in- 
stances, guard the eye from danger, 
and prot^Pt it frpm ^pating ^ust ^f)i 
^hicb tiie atrpospher? *l?oufi4«? 
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CONVERSATION XVI. 



Of the JSye, and the Manner of 
Vision. 

CHARLES. I do not understand 
what you meant, when you said, the 
optic nerve served to convey to the 
brain the sensations produced on the 
retina. 

Tutor. Nor do I pretend to tell 
you in what manner the image of 
any object painted on the retina of 
the eye is calculated to convey to 
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the miad ^n id^sL pf th^t object ; hnt 
I wish to show you, tbat tbp in)9gi^ 
of the various^ objects which you see 
are painted on the retioa. Her^ k A 
bullock's eye, from tl|p ,hack purt qt 
which I cut away tij/e three cwt$, bv^ 
so as to leaj?e th^ yitreoya buojCHir 
perfect : I will, no^ put Ag^inat thfi 
vitreous huoiour a pi^ce of white^pa- 
per, and iiol4 the eye tOMrard^ the 
window ; what do you fifte ? 

James. Tije figure .of the wiiodov 
is drawn upon the paper ; but it i^ 
inverted. 

Tutor. Open the wjodpw, and 
you will $.ee the trees in the gpxclea 
drawn upon it in the $w8e ipyerted 
state, or my Qtbjer br^ht ioJiyect ^tm 
is presented to it. 

Charks. Does the paper, in this 
oS 
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instance, represent the innermost coat 
€blled the retina? 

Tutor. It does; and I have made 
use of paper because it is easily seen 
through, whereas the retma is bpake; 
transparency would be of no advan- 
tage to it. The retina, by means of 
the optic nerve, is conveyed to the 
brain^ or, in other words, the optic 
nerve is an extension of the retina. 

James. And does it carry the 
news of every object that is painted 
on the retina ? 

Tutor. So it should seem ; for we 
have an idea of whatever is drawn 
upon it. I direct my>eyes to you, 
and the image of your person is 
painted on the retina of my eye, and 
I say I see you. So of any thing 
else. 
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Charles. You said the rays of light 
proceeding from external objects were 
refracted in passing through the dif- 
ferent humours of the eye. 

Tutor. They are, and converged 
to a point, or there would be no di- 
stinct picture drawn on the retina, 
and of course no distinct idea con- 
veyed to the mind. I will show you 
what I mean by a figure, taking an 
arrow again as an illustration. 

As every point of an object- a b c 
(Plate IV. Fig. 27.)> sends out rays in 
all directions, some rays from each 
point on the side next the eye, will 
fall upon the cornea between .v y, 
and by passing through the humours 
of the eye they will be converged 
and brought to as many points on 
the retina^ and will form on it ' a 
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distinct inverted picture cbifof the 
al^ect 

James. This is dooe in the sutue 
manner as yoiji si^owed us by npsms 
of a double i;Qnvex lens. 

Tutor. AU three of the humours 
have some eff<^t in refracting the 
rpys of ligbti but the crystalline is the' 
most powerful, an4 that is a com- 
plete doubk convex lens : and you 
see the rays from a are brought to a 
point at ^; those from 9 will be con- 
verged at b, and those from c ait c, 
and^ of cour$e^ the intermediate ones 
between a and b, b and c will be 
formed between a and b^ and b and 
C. Hence the objeot becomes visible 
!by me<m$ of the image of it being 
i4rawa on the retina. 

Qhfirles. Since the image is in* 
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verted on the retina, how is it that we 
see things in the proper poisition ? 

Tutor. TYas is a proper question, 
but one that is not very readily an- 
swered. It is well known that the 
sense of touch or feeling very much 
assists the sense of sight ; some paint- 
ings are so exquisitely finished, and 
so much resemble sculpture, that the 
eye is completely deceiveci, we then 
naturally extend the hand to aid the 
sense of seeing. Children who have 
to learn the use of all their senses, 
make use of their hands in every 
thing; they see nothmg which they 
do not wish to handle, a^nd therefoi'6 
it is not improbable, that by the sense 
of the touch, they learn, unawares, 
• to rectify that of seeing. - The image 
of a chair, or table, or other object> 



b painted in ^n inverfed positioii on 
the retina; they feel and handle it, 
and find it erect; the same result 
p^f petually^ recurs, fio thftti at lengthy 
long befqre th^y ^an reason on the 
subject, or even d^^cribe thejr feel* 
iitgs by sgeech, the inverted image 
gives them fin ii^ of aq ere^t ob- 
ject. 

Charles. I can easily conceive that 
this would be the casie if^ith com- 
mon Ql^jieQts, such as. ^xe seen every 
d^y and jbour. But will thefe b^ no 
^iSicaUy in supposing tf^at the same 
mu^t happen with regiard to any thipg 
nvhich I b^ never seen before? J 
never saw ^hips sa.iling on the sea till 
within this month ; but when | first 
«aw theqn, they did not appear to n)e 
in an inverted position. 
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7\it4r. fiut you hai^ sten water 
and land before, and they applet to 
you, by liabit aiid oscpeft^ce^ to be 
lowerniost, tbcnigh ^ey al-e ^aince^ 
on the ey^ itk a diflR^rent^obftbn : wd 
the bottom of the ship k mm ttk 
tf ater, jmd ^onseqaeAdy^ as you rbftt 
the t^ater to the totreto^ so you mudt 
the huli of 1^ ship ^hidti is mbh 
ktected nvith it. Iti the baui^ manmr 
«31 tfa6 ^aH^ til' It diytaM^osped; Ai« 
f^l^ resp«dt to tehdh ttlhet';^ a»d 
tftc»*^(ii%, though therfe may Kfe tt 
huhdiied <^j^}^ in I9ie lk»dVc«)|]li 
tettSirery tieWtr ^0 ydu, ^ tis th8y^ 
beat <a i^llLtidh to (»ie ii^fiih^, leS^ 
to the earth on which tfi^^i^/^ 
ittfer thete, by^xp^riafc*, to ift^ttpect 
position. ,'^ 

J^ameSi lEiow is it ti^t^in so ^mall 
a spac^ as the-rfjdiia. o£ the \^^ tte 
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I pQfih ydur right eye out of Its phce 
towards tiie teft. 

James. I see tivo brothers, thd c^ 
Mfedding to the 1^ hand of the other. 

TWo^. the r&B:scmb this; bypui^^ 
ifig thf6 eye oiit ef its tiatuiid plkiee, 
ffife^tunes ih the Ivto ey6s &6 hot 
fall upon correspondent parts of the 
Hftlfta^ a^ thei^fere the sensations 
ttotti eit^ <eye a^e «xdted fh ikielienft 
pktl ef thft Mraki, 
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CONVERSATION XVII. 



Of Spect(icks, md of their Uses. 

CHARLES. Why da people wej^r 
spects.cles? 

Tutor. To assist the sight, which 
may be defective from various causey. 
Somp eyes are tpo flat^ others are too 
convex : in soina the humours lose 9, 
part of their transparency, and on 
that accoiint, ^ deal of light that en- 
ters the eye is stopt and lost in thp 
passage, and every object apj^ears 
dim. The eye, without light, would 
p2 
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be a useless machine. Spectacles are 
intended to collect the light, or to 
bring it to a proper degree of conver- 
gency. 

Charles. Are spectacle-glasses al- 
ways convex? 

Tutor. No : they are convex when 
the eyes are too flat; but if the eyes 
are already very corivex, then concave 
glasses are used. You know the pro- 
perties of a convex glass? 

James. Yes; it is to make the rays 
of light converge sooner than they 
would without. 

Tutor. Suppose then a person is 
unable to see objects distinctly, owing 
to the cornea c d (Plate i v. Fig. 28.), 
or to the crystalline a by or both, being 
too flat. The focus of rays proceed- 
ing from any object, t, will not be oa 
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the retiwy where it ought to be^ but 
«t a beyond it. 

Ckarks. How cpa it be beyoijd 
the eye? 

7^tor. It would be beyond it, jif 
there were any thing tp receive it ; as 
it is, the rays flowing from Xj will not 
unite at, </, so as to render vision di- 
stinct. To remedy this, a xriXive^ glai^ 
rUnh placed betwe^ the object and 
the 45ye, fcy means of which the r^y« 
iu*e brought to a £g^us sooner, a^i} ij^ 
image i|S formed at i. 

if(f,mes. Now I see the roaso^ why 
people are obljjg^, sometimes, to 
make trial of many pairs of spect^clei^ 
before they 0t ^6^^ that will ^uit 
tbiein. Tihiey cannot tell exactly whs^ 
.degree of comise^ity is necos£0.ry tp 
>briag the focus j^t to the ret^ia. 

Tutor. That is right; fof the 
p3 
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shape of the eye may vary as much as 
thatjof their countenance; of course, 
a pair of spectacles that might suit you, 
would not be adapted to another, 
whose eyes should require a similar 
aid. — ^What is the property of coiicave 
glasses? 

Charles. They cause the rays of 
light to diverge. 

Tutor. Then for very round and 
globular eyes, thes6 will be useful, 
because if the cornea c d, or crystal- 
line a b (Pl^te IV, Fig. ,29.) be too 
convex, the rays flowing from ^r will 
unite into a focus before they arrivcf at 
the retina, as at z. 

Charles. If the sight then depend 
on sensations produced on the retina, 
such a person wil^ not see the object 
at all, because the imftge of it does not 
reach the retina. 
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Tnlor. True: but at z the rays 
cross one another, and pass on to 
the retina,* where they will produce 
some sensations, but not those of di- 
stinct vision, because they are not 
brought to a focus there. ToTcmedy 
this, the concave glass mn is inter- 
posed between the object and the eye, 
which causes the rays coming to the 
eye to diverge; and being more di- 
vergent when they enter the eye, it 
requires a very convex cornea or crys- 
talline to bring them to a focus at 
the retina. 

James. I have seen old people, 
when examining an object, hold it a 
good distance from their eyes. 

Tutor. Because their eyes being 
too flat, the focus is thrown beyond 
the. eye, and therefore they hold the 



ai^ct at a distance to bring the focus 
z (Fig. 48.) tp tbe retina. 

CkarUs. Very sbort-aighted peo{de 
Ibpng ot^ts close their eyes. 

Tutor. Yesj I onoe kiaew a jiorag 
tman who wa3 apt, in looking at bis 
pap^, to rutb ouit with ibis nose what 
he bad written with bis fen. In tbiis 
case, brinfK^ Ibe object nciai* the eya 
pcoduoes a similar effect to that ps^ 
duced )^ concave glasdes: because 
the nearer the object is brought to ib^ 
Gge, tte greater is the ^angle undoi 
which it is seen; that is, the extreme 
rays, and, >of course, iall the others, 
are made more idivergent. 

James. I do not understand }tbis« 

Taitor. WelJ, let >e ibe the eye, 
(Plate lY. fig. 30.) and the ot>jiWt#^ 
seen at;;^:, and a^o at .?, doubly <tiie 
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distance; will not the sarhe object ap- 
pear under different angles to an eye 
so sitiiated? ' ^ 

James. Yei, certainly a 1 1> will be 
larger thin c e rf, and tyiii include it. '-' 
* TriHfrfr. r iThen the object bemg 
t)rba^Ht Very 'near the'^ye, has the 
"sanie effect as maghilying the object, 
or of causing the rays' to diverge; 
that is, though a b and c d are of the 
same lengths, yet a b being nearest to 
the eye, will appear the largest. 

Charles. You say the eyes of old 
people become flat by age, is that the 
natural progress? 

Tutor. It is; and therefore people 
who are very short-sighted while 
young, 'will probably see well when 
they grow old. 

James. That is an advantage de- 
nied to common eyes. 
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Tutor. But people, blessed witjb^ 
conuaon sl^t, should be thankful for 
the benefit they derived while young, 

Charles. And I ^rn 3«re we can- 
not too highly estimate the science rjf 
optics, that has ^frQr4e^ such si^sist- 
unce to defective eyes, wfe}?^, in vf^mj 
circumstances pf Uf(^, wQul^ be gselesf 
without tkem. 
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CONVERSATION XVIII. 



Of the Rainbm. 

TUTOR. You have frequently 
seen a rainbow? 

Charkt. Oh, yes, and vefy often 
there are two at the same titQ^, one 
abov« the other; the lower one is by 
ht£ the most brilliant. 

Tutor. This is, perhaps, the most 
beautiful meteor in nature; it never 
make& Hs appearance but wh6n a 
spectator is situated between the sun 
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and the shower. It is thus described 
by Thomson: 

Reflected from yon eastern cloud. 

Bestriding earth, the grand ethere^ l>ow 
Shoots up immense; and every hue unfolds. 
In fair proportion, running from the red 
To where the vi'iet fades into the sky. 
Here, awful Newton, the dissolving clouds 
Form, fronting on the sun, thy show'ry prism; 
And to the sage-instrdtted eye unfold 
The various twine of light, by thee disclosed 
From the white mingling maze. 

James. Is a rainbow occasioned by 
the falling drops of rain? 

Tutor. Yes, it depends on the re- 
flection and refraction of the rOrys of 
the sun by the falling drops. 

Charles. I know now how the 
rays of the sun are refracted by water, 
but are they reflected by it also? 
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^ TfttoK Yes; water, like glass, re- 
^€ts soipe rays, while it transmits 
or refracts others. You know the; 
beauty of the rainbow consists in its 
colours. 

Jarpes. Yesj " the colours of the 
rainbow" is a very common expression;* 
I have been *told there are seven of 
them, but it is seldom that so many 
can be dearly distinguished. 

Tutor. Perhaps that is owing to 
your want of patience; I will show you 
the colours first by means of the prism. 
If a ray of light s (Plate v. Fig. 31.) 
be admitted into a darkened room, 
t&rbugh a small bole in the shutter 
a* tfy its natural course is along: th^ 
line to dj but if a glass prism a c b^ 
introduced, the whole ray . wiU -Ibe 
bent upwards, and if it te taken on 
any white surface as it n, it will form 

VOL, V. Q 
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an oblong image p 't^ tbe^bread^ of 
which b equal to the diafneter of the- 
hole in the shutter. 

Charles. This oMong is- of dif* 
ferent colours in .different parts; ' 

TWor. These are the colours of 
the rainbow, which are described by 
Dr. Darwin as untmsttd: 

Next with iUunin'd iiancb tkrou^ prisma. 

bright, 
Pleas'd they untwist the sevenfold threads of 

light; * 

Or, bent in pencils by the lens, convey 
To one bright point the silver hairs of day. 

James. But how is the ii^t whidi 
is admitted by a drctdar hole in thd 
window spread out into an oblong? 

Tutor. If ttie ray were of ons 

substance^ it would be eqinaUy bent 

^ upwards^ and make only a mmU* cir* 
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cular image. Since, therefore, the 
image or picture is Oblong, it k in* 
ferred that it i$ formed of rays dif- 
ferently refrangiblj^, . some of wliich 
are turned more out of the jvay, or 
more upwards than othera; tboa^ 
fvfaicb go to the upper piu'tof the apeo 
trum being moit refrangiblei tbost 
which go to the lowest part are the 
least refrangible, the . intermediate 
ones possess more or leas refrajagibi- 
lity, according as they are painted on 
the spectrum. Do you see the seven 
colours? 

Charles. Yes, here is the violet^ 
indigo, hlue, green^ yeihw, orangetraid 
red. 

Tkstor. These colours >irill be ;5till 
more beautiful if a couve^ lens, be in^ 
tetposed, at a proper dbtauce, b^tweea 
the shutter and the prkm, 
ai! 
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James. How does this apply to 
the raittbow? 

Tutor. Suppose a (l^late v. Fjg. 32.) 
to be a drop of rain, and s </ a ray from 
the san falling upon or entering it at 
df it will not go to Cj Hut be jrefracted 
to 7?y where a part will go out, but a 
part dso will be reflected to ^, where 
it will go out of the drop, which acting 
like a prism, separates the ray into 
its primitive colours; the violet will 
be uppermost, the red lowermost. 

Charks. Is it at any particular 
angle that these colours are- formed? 

Tutor. Yes, they are all at fixed 
angles; the least refrangible or red 
makes an angle with the solar incident 
ray, equal to little more than 42 de- 
grees; and the violet or most re- 
frangible ray, will make with the solar 
ray an angle of 40 degrees. 
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James. I do not uixlerstand i/vfakh 
are these angles. 

Tutor. The raj' s d would go tofc^ 
therefore the angl(^> made with the red 
ray is sjT^, and V^t made with the 
violet ray is s (J y/ the former 42° 3', 
the latter 40* 17'* 

Charles. Is this always the case 
be the sun either hijgh or low' in the 
heaveiis? 

Tutor. It is; but the situation of 
the rainbow will vary accordingly as 
the sun is high or losv, that i$, the 
higher the sun, the lower will be the 
rainbow : a shower has been seeci on 
a mountain by a spectatiDr in a valley, 
by which a complete circular rainbow 
has been exhit^ted. 

James. And I once* remembiK' 

standing on vMorant's Court Hill, in 

Kent, when there was a he^ ivy show^er^ 

q3 
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while the sun shone very bright, and 
all the landscape beneath, to a vast 
extent, seemed to be painted with the 
prismatic colours. 

Tutor. I recollect this well; and 
perhaps to some such scenes T'hom- 
son allud^: it was certainly the most 
^beautiful one I ever beheld: 

These, when the cloads distil the rosy shower. 
Shine out distinct adown the watery bom ; 
While o'er our heads the dewy vision bends 
Delightful, melting on the fields beneath. 
Myriads of mingling dies from these result. 
And myriads still remain ; infinite source 
Of beauty, ever blushing, ever new. 

Charles. You have not explained 
the principles of the upper or fainter 
bow. 

Tutor. This is formed by two re- 
froctions. atfid two reflections: sup- 
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pose the ray t r to be entering the 
drop B at r. • It is refracted at r, re- 
flected at s, reflected again at t^ and 
refracted as it goes out at Uy whence 
it proceeds, being separated, to the 
spectator at g. Here the colours are 
reversed; the angle formed by the red. 
ray is 51*, and that formed by violet 
is 54*. 

James. Does the same thing hap- 
pen with regard to a whole shower, 
€is you have shown with respect to the 
two drops? 

Tutor. Certainly, and by the con- 
stant falling of the rain, the image is 
preserved constant and perfect. Here . 
is the representation of the two bows. 
(Plate V. Fig. 33.) The rays come in 
the direction s a, and the spectator 
stands at E with his back to the sun, 
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or, ID other words^ he must be between 
the sun and the shower. 

This subject may be shown in an* 
other way; if a glass globule filled 
with water be hung sufficiently high 
before you, when the sun is behind, 
to appear red, let it descend gra- 
dually, ahd you will see in the de- 
scent all the other six colours fol- 
low one another. Artificial rain* 
boWs may be made with a common 
watering pot, but much better with 
a syringe fixed to an artificial foun- 
tain; and I have seen one by spirt- 
ing up water from the mouth: it is 
often seen in cascades, in the foam- 
ing of the waves of the sea^ in foun- 
tains, and even in the dew on the 
grass. 

Dr. Langwith has described a rain- 



OP THie'lCAlNBOW. 177 

bow, which he saw lying on the ground; 
the colours of which were almost as 
lively as those of the common rainbow. 
It was ex.tendedseveral hundred yards, 
and the colours were so strong, that 
it might have been seen much farther, 
if it had not been terminated by a 
bank, and the hedge of a field. 

Rainbows have also been produced 
by^the reflection of the sun^s beams 
from a river: and Mr. Edwards de- 
scribes one which must hmte been 
formed by the exhalations from the 
city of London, when the sun had 
been set twenty minutes*. 

* See Phil. Trans. Vols. \L and L 
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CONVERSATION XIX. 



Of the Reading Telescope. 

TUTOR. Wc now come to de^ 
scribe the structure of telescopes, cf 
\vhich ^ere are two kinds; viz. the 
refracting and the reflecting tclc» 
scope. 

Charles. The former, or refract* 
ing, telescope, depends, I suppose, 
upon lenses for the operation; and the 
reflecting telescope acts chiefly by 
means of mirrors. 

Tutor. These are the general prin- 
ciples upon which they are formed; 
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md w^ shall devbte this morning to 
the expkiMtion of the refracting Me-- 
iGOp^. Herre is one completely fitted 
up. ' •; ^■^■- 

Jarms. It consists of tWd tubes, 
and two gla$6^j 

Tutw^ The tube5 are intend6(l to 
hold the glasses, and to cotifiqe the 
boundary of the view. I Will there- 
fore ikpMn the pfin«sf4e by tilie fdl* 
teiiriiig figuK (Plate V. F^. 34^.) ift 
which is representiedithe ^ye a b> tiie' 
two lenses, m n^ ^^py and the object 
wy. The lens opy which i^ nearest 
to ttsi^ object, is caAed the object-glass^^ 
and that m n nearest to the ejFe is 
Called Ifee ^grye^glass. 

Charles. : It the objectK^ai^ . « 
double tQ^^eHi and^thif ^e^gtese ar 
double con^ik^*? 
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Tutor. |t happeiut so in jth|s pfir* 
ticular instance, bu| it is notiie^^^ar^: 
that the eye-glass should be concgive.;^ 
the object-glass must, however, in ^^\; 

cases, be convex." 

Charles. I see exactly, frpm the 
figure why the eye-glass is concftve : 
for the convex lens converges the 
rays too quiqkly and, the focus by th^t 
glass alone would be at £ : and there- 
fore^ the .coi)C9.ve is put ngar the eye 
to make the rays diverge so much, as to 
throw tljem . to the retina, before they 
Comf{ to a focus. ^ 

» Tutor. But that is not the only 
reason: by coming to a fpCus at £, 
the image is very spiall, in commrison 
of \^bltt it is "(^hen the image is forced 
QP IhiB r^tipa, by meai^^ of the con- 
cave lens. Can you^ JaiQeSj^^jcplaiii 
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tba fdtsdn of' alt theltoN which yM 
«teifl the %(tf6? 

Jams. I tbinic £ ctii;<^tiier6 ai£ 
t^o p^cXs of mysflGwidg <irom Am ' 
Otf^ecnitias of the arrow, which, is the 
obj^et to b< vWwed; Tho roys of the 
peiidl lSo>wing from o^, ^goi^^oo d^ 
ver^rKg tiU' il^«y reach the convel: 
lens « p/'^then thi^ will be so re- 
fl^s^Hi^d by)}a8$1ng'lthi«tt|^ tfae :ghaul^ 
M ^ <iottv«rg^ idud Doeetiii the {xiiDt 
vt^. No^^ ^ fiian^ itaAy Jbe soid of 
the'peticil of/raye which com3 frmn 
jr; atid^ of coulee^ ot iillthe pencHs 
of rays ftowmg from thfie object be- 
tween <r and^ So that th<i imafe 
-of l^e arrow w^uld, by the conrek 
leh9> *fe formed W £. ^^ 

Jw^(?r. And what would ha^Q if 
there W6re no othei? glass? . ^^ 
' famdi: The rayn would tr»it each 

VOL. V. K . 
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otiber and bt divergegt, satbat when 
they got to the retina, tiieie woidft 
be; DO distiQCt image formed, but 
eveiry pbintas a? or ^, would be spread 
over a large space, and the image 
^uld be confiised. To prevent this^ 
tlie concave Jens fn\n is mterposed ; 
ibe pencil of rays which woqld, by 
the couvbx glassi, converge at ^r, wMl 
BOW. be made to divergo^ so as not to 
come to a focus till they arrive at the 
retinae and the pencU 9i rays which 
would, by the convex glass, have 
come to a: point at. y^ will, by the 
interposition of the concave lens, be 
miwie to diverge so nnich. as to. throw 
the . focus o( the rays to b instead of 
y. By this means, the image of the 
object is omgpified. 

TtUor. Cw you tell- the reaeon 
why the: tuhos. .require tQ be dmwn 
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out more or less for different per- 
sons? 

Charles. The tubes are to be ad- 
justed, in order to thro^ the ibcus ef 
rays exactly on the retinae aiid as 
some eyes are more convex than 
others, the length of the focus will 
vary in different persons, and, by 
slidmg the tube up or down, thid 
ebject is obtained. 

Tut&r. Refracting^^ telescopes are 
used chiefly for viewing the terrestrial 
oI:gects; two.thii^, therefiMre,arere- 
quisite in tbeih ; the first ^s, that it 
should show.dbjects in an updi^t po* 
siticm, that-is, in tfa^ same position as 
we see them without glasses ; . and the 
second b, tbat they should afford a 
\bt^ field rf view. 

James. What doi you mean, sir^ 
by a fidd of view? 
r2 



Tut»^ AU that part nf hodacape 
which may be seen at once, wifhomt 
ttoni^ the eye or instnamepfc, Niow 
m lcx>lting od. the figum: again; yen* 
will peroeiTe that, the . cpncave k»a 
tfaroMrs a number of the rays beyond 
the pupilc of the eye^ oa to tije ins 
isn bokh sides, botf those »mkj are vi^ 
iiUhe, ,Qr. go to foim an: image, "wfttck 
pass through the piipil^: tm<il timm^ 
ibre, by a teletfcqpe made in thiA way, 
the midiilie'ipart of 4he. cd^geeiiis oa^ 
seen^ orria other, innfd^,<tiit piospact 
is by it vary much dimiraakei. ) 

- CJmrkfj How is that remedied? 

Tfctor. . Byi suffastitatiag aiiidoMifaie 
coa?ex eye^^^s ^ h (Plate .t. Fig; 
35.) instead of the .eencaire ooe. 
^ere the focus of the deabte epofcss 
lens is at £,. and IJidgjlais^Ajiiudt 
be so much more.cQnTeoc iJimi^ p. 
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fts that its focus may be also at £ : 
for then the rays flowing from the 
object X yj and passing through the 
object glass o p„ will form the in- 
rerted image wi e </• ^ Now by inter- 
posing the double convex g hj the 
image is thrown on the retina, and it 
is seen under the large angle d ^ c, 
that is, the image m k £/ will be mag- 
nified to the si2e c £ d. 

James. Is not the image of the ob- 
ject in the telescope inverted? 

Tutor. Yes it is : for you see the 
image on the retina stands in the 
same position as the object ; but we 
always see things by having tlie 
images inverted: and, therefore, 
whatever is seen by telescopes Con- 
structed as this is, will 'appear in- 
verted to the spectator, which is a' 
very unpleasant circumstance with 
r3 
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regard ta tenestria} otj^eirts;; H U cm^ 
tii^ account chiefly ..U9^d for ^ostial 
olbservi^tions- 

Charles^ h ttere any rule foici^t. 
culating the (magnifying power of tbi^, 
telescope? , ji . 

Tutor. It magpifies \v^ proportioi? 
as the focal diatapce; of the 9bject*' 
glass is greater than the focal dir 
stance of the ey$-glass. Thii^.if ^ 
focal distapce of the Q^}ectrgla$$ 13 ten 
inches, and that of the eye-gla$& only 
a singly inch, the telescope magi\r6es 
the diameter of an object ten times:- 
and the xchole sutfdc^ pf t;!je objeqt 
will be npagnifiec^ a bundled times. 

Chark$. Will a sriiaU ol?{ject» as a 
silver penny f9r..ipstanceyaj]q;)ew a 
hundred tinjes larger tjirougb this 
t^le^cqpe than it wo^ld by the nake4/ 
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present terrestridi ofe^cti t^ be mfit^ 
and n^ /<rrj^r; thus lopkitig tkttbd^ 
siiyer p?nny * bundred yiwfd$ di- 
stant, it vill 0^ appear to be larger, 
bu| at the dWtaivce only of a single 
yard, /•-. . 

Jatnes. la there po advantage 
gained, if the focal distance of the 
eye<>glas^ and. of the €»bject«glas8^ be 
equal? 

IfeAnr. None; and therefoi'e in 
telefieopes of this kind we have only 
tQ increase the. focal distance of the 
ol:>ject'^^asdy and to diminish the fo- 
cal distance of the eye-glass, to alig- 
nment Ib^ nmgnifying power to^aloiost 
any degree. . 

Charts. Can yoti carry thus priiv- ^ 
ciple to a9y extent? 

Tutor, Not altogether so; an ob- 
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ject-glass of ten feet focal distance, 
will require an eye-glass whose fo<ial 
distance is rather more than two 
inches and a half: and an object- 
glass with a focal distance of a hun- 
dred feet; must have an eye-glass 
whose focus must be about six inches 
from it. How much will each of 
these gjiasses magnify ? 

Ckarks. Ten feet divided by two 
inches and a half, give for a quo- 
, tient forty-eight: and a hundred feet 
divided by six inches, give two hun- 
dred: so that the fomler magni- 
fies 48. times, and the latter SOO 
times. 

TtUor. Refracting telescopes for 
viewing ten*estrial objects, in order to 
show them in their natural posture, 
are usually constructed with one ob- 
ject-glassj and three eye-glasses, the 
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heel diBt8tiM)e& of tb;esd last bang 

Jamif. De you make use' of the 
same ihetkod io ealoulMing the nmg* 
nifying powetof a tetedcope con* 
structed in this way, ad you did ki the^ 
last? ' 

Tutor. Yes ; the three glasses next 
the eye having their focal distances 
equal, the magnifying power is found 
by dividing the focal distance of the 
objectpglass by the focal distance of 
/)ne of the eye-glasses. We have now 
said as much on the subject as is ne- 
cessary to our plan. 

Charles. What is the construction 
of opera^^asjses, that are so much 
used at the theatre? 

Tutor, The opera ^ass is nothing 
more than a short refracting tele* 
scope. 
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The might telescope is only about 
two feet long; it represents objects 
inverted, much enlightened, but not 
greatly^magoified. It is used to dis- 
cover objects, not very distimty but 
which cannot otherwise be seen for 
want of sufficient light. 
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CONVERSATION XX. 



Of R^ectlfitg, Telescopes. 

TUTOR* Thi$ is ja telescope of a 
different kind^ and i? c^Ued a reflect^ 
ing telescope. f. 

Charles^ What advantages does, the 
refiectiiiig telescope possess^ over that 
which you described. yesterday? 

Tutor, The great inconvenience 
attending refractipg telescopes is their 
lengthy andp9;j$hat ac^^oupt they are 
not very njucb used w^en high post- 
ers are i:eq|uired. A reflector of. sijc 
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feet long will magnify as much as a, 
refractor of a hundred feet. 

James. Are these, like the re- 
fracting telescopes, made in different 
ways ? 

Tutor. They were invented by Sir 
I. Newton, but have been greatly im- 
J)roved since his time. The following 
figure (Plate vi. % 8^.) will lead 
to a description of one of those most 
in use. Y<m know that there is a 
gf eat sitoilarity bet#^n cbfrotr lenses 
and concave mirrors. 

Charles. They botii f onft an in- 
yeited fbcai im^e of any remote ob- 
ject, by the convergence of the pen- 
cils of rays; • " 

Tutor. In instrunicnts, the exhi- 
bitions of whSch are fc* feflfects trf re- 
flection, the tdncave iiiirror.fs sob- 
stitutfed for the conve* leris. 'P r 
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f(Fig. 36i) represents, the krge tube, 
and 1 1 the small tube of , the tele- 
scope, at one end of which is n r, 
a concave mirror, with a. hole in the 
middle at p, the principal focus of 
which is at I K ; opposite to the hol^ 
p is a small, mirror l, concave to- 
wards the great one ; it is fixed on a 
atroDg wire k^ add.may^ by means of 
a long screw on the outside of the 
tube, be made^to move backwards cfr 
forwards, a b is a remote object; 
from which rays will flow to the great 
mirror d r. 

James. And I see you have taken 
only two rays of a pencil from the 
top, and two from the bottom. 

Ttitor. And in order to trac$ the 
progress of Ait reflections and redac- 
tions, the. upper ones ai^e represented 
by full Imes, the lower ones by dotted 

vox.. V. s 
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lines. Now the rays at c and £ 
falling upon the mirror at d and f^ 
are reflected, and form an inverted 
image at f». 

Charks. Is there any thing there 
to reeeive the image ? 

Tutor; No : and therefone they go 
on towards the reflector l, the rays 
from difTerent parts pf ike object 
crossing one another a little before 
•they reach l. 

James. Does not the hole at p tend 
to distort the image? 

Tutor. Not at all ; the only defe<% 
is, that there is less light From the 
mirror X the rays are reflected nearly 
parallel through p, thei^ they have 
ta pass the piano convex lens r^ 
which causes them to converge at ^ &, 
and the image is now pointed in the 
small tttbe near the eye. . . 
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Ckarks. What is the other piano 
ccmvex lens s for? 

Tutor, Having, by tfteans of the 
lens R, and the two concave mirrors, 
brought tlje image of the object so 
nigh as at a ^^ we only want to mag- 
nify the image. 

James. This, I see, is done by tiie 
lens s. 

Tutor. It is, and will appear as 
large as e d, that is, the^iinage is 
seen under the angle c/d. ^ 

Churks: How do you estimate the 
magnifying power of the reflecting 
telescope? 

Tutor. The rule is this: "Mul- 
tiply the focal distance of ^ large 
mirror by the distance of the small 
mirror fcom the image m: then mul* 
t^y tlie iottH distance of the small 
mirror by the focal distance of the 
S3 
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eyeglass ; ond divade these tviro pro- 
ducts by one ^nother^. and the quo- 
tieot is the nmgmfying povrer. 

Jamet. It is not iikdy *that we 
al)OiM know all these in any in* 
strument we possess. 

Tutor. The following then is a 
taethod of finding the same thing by 
experiment "Observe at what di-. 
sttiite joa can read atiy book with 
the naJml eye, and then remove 
the book to t^a fiarthest dbtonce at 
which you can distinctly, read by 
QieiQt>>£ the telescope^ and divide 
the latter by the former." 

'Charles. Has not Dr. Herschel a 
very layg^ reflectiug telescope? 

Ihaor^ He has made mahy^ but 
the tube of the grand telescope is^ 
nearly 40 feet long, and 4 feet te^i 
ioohes in diameter. The concave 
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surface af the great mirror is 48 
inches, of polished surface, in diame- 
ter, and it magnifies 6000 times* 
Tbb noble instrument cost the Doctor 
four ye^rs* severe labour : it was 
finished August ^, 1789, on which 
day was discovered the sixth satellite 
of Saturn:, 

Delfghted Herschel, with reflected light. 
Pursues his radiant journey through the ni^t, 
Detects new guards, that roll their orbs afar, 
III lucid ringlets round the Georgian star. 

Darwin. 



S3' 
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CONVEllSAXION XXI 



Of the Microscope-r-Its Principk — • 
Of the Shigle Mk7'QS,C4)pe-^f the 
CmnpQund Afic$'Qscop€-^Qfth( S(h 
lar Micrcscopi. 

TUTOR. We are now to describe 
the microscope, which is an instru- 
ment for viewing very small objects! 
You know that, in general, persons 
who have good sight canndt distinctly 
view an object at a nearer distance 
than about six inches. 

Charles. I cannot read a book at 
a shorter distance than this; but if I 
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look thrdugh a smull hole made with 
a pin or needle in a sheet of brown 
paper, I can r^ad a( a very small di- 
stance indeed; 

Tutor. You ipean], that the let- 
ters appear, in that case, very much 
magnified, the reason of which is, 
that you are able to> see at a much 
shorter distance in this way than you 
can without the intervention of tlie 
paper. Whatever instrument, or con- 
trivance, can render mit>ute objects 
visible and distinct, is properly ^a mvr 
croscope. 

James, If I look through the hole 
in the paper at the distance of five- 
or six inches from the print, it is not 
inagnifi^k 

lufor. The object must be brouglit 
sicar to increase the angle by which it 
is seen ; this is the principle of all mi^ 
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croscopeSy from the single lens to fhe 
most compound instrument, a (Plate 
vr. Fig. 37.) i& .an object uot clearlj 
visible at a less distance than a b; 
but if the. same object be placed m 
the focus c (Fig. 38.) of the lens i>. 
the rays whicli proceed from it wffl 
become parallel, by passing thiou^ 
the said lens, and therefore the object 
is distinctly visible to the eye at e^ 
placed any where before the lens. 
There arp three distinctions in micro- 
scopes; the single, .the compound, 
and the solar. 

Ckaries. Ddcs'the single micro- 
scope consist only of a lens } 

Tutor. By means of a lens a great- 
number of rays proceeding from a 
point ar^ united in the same sensible 
point, and $s each ray carries* wkb it 
the imagp of tl>e point from ^yl?ie«cc 
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it proceeded, all Ae rays united iriust 
form an image of the object ■ ' 

Jetmts^ Is the image brighter m 
proportion as the^e are more ray? 
united? 

Tutor. Certainly : and it is m^e 
distinct in proportion as their natural 
order is preserved* In other words, 
a single microsdope or lens rienioves 
Che confusion that accompani^ ob^ 
jecta when seen vei»y near by the 
leaked eye; and it magnifies th€^ 
diameter of the object, in proportiofrf 
as the focal distance is less Ihah the 
limit of distinct vision/ v^hich ivd 
may reckoi^ from about six to eight 
inches. 

Charlei. If the focal distance of 
a reading-glass be four inches, does it 
magnify the diameter of each lettef 
only twice? 
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TVfor. Exactly so: but the lenses 
used in microscopes are often not 
more ,than ^ or ^ or even -gV part of 
an inch radius. 

James. And in a double convex 
the focal distance is always equal to 
the radius of convetity. 

Tutor. . Then t^ll me how much 
lenses of ^, ^, and -j^ of an inch will 
each magnify ? 

Jo^nm* That is readily done; by 
dividing 8 inchesi the limit of distinct 
vision, by 4, i, and iV^ 

Charles. And to divide a whole 
number, «s 8, by a fraction, as ^y &c. 
is to multiply th^said number by 
the denominator of the fraction : o( 
course, 8 multiplied by 4, gives 32; 
that is, the iens^ whose radius is a ^ 
of an inch, magnifies the diameter of 
the object 32 times. 
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James. Therefore the lenses of 
^vhich the radii are ^ and -^^w^l 
magnify as 8 multiplied by 8, and 
8 multiplied by 20 ; that is, the for- 
mer will magnify 64 times, the latter 
160 times, the diameter of an object. 

Tutor. You see then, that the 
smaller the lens, the greater its mag- 
nifying power. Dr. Hdoke says, in 
liis work on the microscope, that he 
has made lenses so dmall as to be able, 
not only to distinguish the particles 
of bodies a millFon times smaller than 
a visible point, but even to make 
those visible of which a million times 
a million would hardly be ^qual to 
the bulk of the smallest grain of 
sand. ' ' " 

Charles/ I wonder how ^i^ mhde 
them. • 



Tutor. I will give you his de»- 
scrjption : be first took a very narrow 
and thin slip of clear ^ass, melted it 
Ux the flame of a candle or lamp, and 
drew it «ut into exceedingly fine 
threads. The end of oae of these 
threads he melted ag^ in the fliame 
till it run into a very small drop^ 
which, when oool,, be fixed in a thin 
plate of nieta), so that the middle of 
it might he directly over the centre 
of an extremely small hole made in 
the plate. Here is a very convenient 
single microscope. 

/ame^^ It do^s not seem, at first 
s^ht, so simple as those which you 
have just now described. 

Tutor. A (Fig. 39) is a drculsu: 
piece of brass, it may be made of 
wood, ivory, &c. in the middle of 
which is a very small hole, in this is 
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fixed a «cBaU leo^ the focal distaacc 
of wbicb is a p^ at tba) distance k % 
pair of. pliers i^ ^» which ttiayW 
adjusted by the sliding e^rew, aiid 
e]^ned by meaos of two little studs 
a e; with these my 8«tia)l ol^eck 
may be ta^ upi aad viffwed wi& 
tfie eyei placed at the other focus of 
tiie leos i^t V, to which it wiU appemr 
magoified as «t i ic. 

Charkt^ I see by j>he joint it k 
aradetofoldupv ,1 

Tutor. It is ^ and may lue put 
Into a case, j^d Qamed about^ ia the 
poclce^ :With(H)t^ aoy: kicuqnbnemce or 
iBCppyemeac^^ -l^e^w i»)w look at 
a double qr Q0iHfi9uad:.Qiifu?oscope. 

J^me/^ Hqvr maay passes i^re there 
iatbis? ...,' ' . ', ,^ . 

7»^(rt. There ase;. two; and th0 
you V. ? 
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construction of it may be seen by this 
figure; c d (Ftg. 40.) is called the 
object-glass, and e jf the eye-glass. 
The small object ab\% placed a little 
farther from the ^ass e d than its 
prmcipal focus, so that the pencils of 
rays flowing from tlie different points 
of the object, and passing « through 
the glass, may be made to converge 
and unite in as many points between 
g and hf where the image of the 
object will be formed. This image 
is viewed by tiie eye-gliiss ef^ which 
is so lilaced that the image g h may 
be in the focus, and t^ie eye at about 
an equal distance on the other side^ 
the rays of each pefifclP will be pa- 
rallel sifter )^(mg odt'bf the eye-glass, 
as at e and fy till they come td the 
feye at A> by thfe' htetitoiirs <if -Which 
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tiiey will be converged and' collected 
into points on the retina, and form 
the large inverted, image a b. 

Charles. Pray, sir, how do you cal- 
culate the fnagnifybg power of this 
microscope? 

< Ditor. There are two proportions 
which, when found, are to be mul- 
tiplied into oiae attotber : ()) As the 
Instance of the iosage from the objf ct- 
glass is greater Ihatt its. dist^nc^ from 
the eye-glass ; andi (2) as thedistance 
from the object is less than the limil- 
of distinct Vision^. 



* Dr. Vince gives the following rule for lind- 
ii)^ the linear magnifying power of a com-^ 
pound microscope: ^*It is equal. to the least 
distance o^ distinct vision, multiplied by the 
distance of the image from th^ Object-glass, 
T2 



Example^ If the distatiod -of t)ie 
image from the oljec^^tea be 4 
times greater than ftxmi the eye* 
glass, title magciifykag power of 4 is 
gained ; and if lii0 focat dKirtaMe of 
the eye-glass be one inch, and the 
4istasiee of dispdnot lesion be oonsi- 
•dered «t 7 tncbea, the MftgmfjfMig 
power ^ 7 is^ gaiaed, and 7 X 4 {ptt0 
28; ibat i% the dmneter of tfae^b* 
jeet Mini: be ^magcAfied '4ft timis, and 
^ 6iiifiu3^ witt iie ixiagAified.784 

James. Do you aieam that ba 
object will, through such a micro- 
scope, appear 784 times larger than 
by the naked eye? 

^i>ided by the distance of ^"hc object from the 
object-gia5$, multiplied by the focal length of 

Ihe eye-glass/' 
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Tutor i Yes, I do; provided the 
limit 6f distinct vision be 7 inches ; 
but some persons who are short* 
sighted, can see as distinctly at 5 or 
4 itiches, as another can at 7 or 8 : 
to the former the object will not ap- 
jiear so large as to the latten 

Ex. 2. What will a microscope 
of this kind magdify to three dif- 
ferent persons, whose eyes are so 
formed as to see distinctly at the 
distance of 6, 7^ and 8 inches by the 
naked eyo; supposing the image of 
the object-glass to be five times as 
distant as from the eye-glass, and the 
focal distance of the eye-glass be only 
the tenth part of ah inch ? 

Charles, , As five is gained by the 
distances between the 'glasses, and 
60, 70, and' 80, by the eye-glass, the 
t3 



magnifying powers wUi he as 300, 
350, Slid 400. 

James. Htm is it €0^ 70, ttad 90, 
sire gained bf the eye^gkuM r 

Charles, fiecajuae the distsmoes of 
distinct viftiott are put at 6, 7i and 6 
inches, and tbe^se are to be divided 
by the focal cfistance of the eye-glass, 
Of % iV; but to divide a whole* 
number by a fraction, we mu6t mul- 
tiply that numl)er by the denomi- 
nator, or lower figure in the fraction: 
therefore the power g^ned by the 
distance between the two passes, or 
5, must be multiplied by 60, 70, or 
80. And the surface of the object 
will be magni^ed in proportion to 
tlie square of 300, 350, or 400, that 
|s, as 90,000, 122,500, or 160,000. 

Ttaor. We aow <x)me to the ^olax 
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«ncroscope, whiA tt by fer Ae »05t^ 
entertainittg of them' iVi, becoitse flie . 
image is tnueh Idt^, ikui beidg 
thrown oti a Bheet; or other ^Mte 
surfaci, may be" vieiwred^by mafiy 
speistators at t^'sarM^tkne, wifliout 
any fatigue to the «ye.' Mere Is one 
fixed in the Wihdof^-s^utter, but I 
can explain its conHtfuetion best by 
a figure. • ^ 

James. There i&' a looking-glass 
dn 1^ outside of tii6^>wliidow. 

Tutor. Y^, ^to^s^lar microscope 
consists (Plate ^u Fig, 43.) of a look- 
ing-glass i^ o wkhout, Ibe lens aB kk 
the shutter d Uy and the lens ^ ^ with-- 
in the dark room. These three parts 
are united to, and in a biiasi^ tube* 
Tbe,io(A[ing-gla88 can be turned by 
the adjusting screw, so as to receive 
the ificidmt rays of the sun sss^ and 
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reflect tb€|m %gu^ the tube into 
the room. The Igns « b collect those 
rays Jnto a^ focus at n m, where there 
is anotb^ magnifier ; here, of course, 
the rays cross, 9nd diverge to the 
white * screen OD which the image of 
the object will be; painted. 
' Charles. I see the object is placed 
a little behind the focus. 

Tutor. If it^were in the focus it 
would be burnt; to pieces imme- 
diately. . The magnifying power of 
thb instrument depends on the di- 
stance of the sheet or white screen; 
perhaps about 10 feet is as good a 
distance as. any. You perceive that 
the size of the image is to that of 
. the object as the distance of the for- 
mer from the lens n m, is to that of 
the latter. 
• Jam^s. Then the nearer the ob- 
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joct to tbe lens^ gnd Iho fitrther the 
semen frwn it, th4> gnWttr the power 
of tbii liieroioopei -'. 

Tutor. You are right, aod if ijie 
object ibe only half an inch from the 
lenSy and the scrieea ^nine ifeet, tha 
ima^ will ke4696^^4^e$ larger thas^ 
the ol^JMi; do you uadiratwid thia? 
Chmiee. Yes, the ^object being 
,^nly half anSnA frdm'the lens, and 
the ipaa^ ^ f^l;^ pr ipS inches, or 
2l€ haV, inc^ft, ,^ dijTOeteir, of t^f 
image Tvill bo ^16 ^am: taiftr ihM 
the dteineter of the object, and this 
number multiplied into itself will ^ve 
46,656. 

TtUor. This instrument is calcu- 
lated only to exhibit transparent ob- 
jects, or such as the light can pass 
through in part For opaque ob- 
jects, a different microscope is used { 
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«nd| indeed, liiere are an indefinite 
number of nvicroscdpesi and of them 
ally we may say, thou^ in different 

The artificial convex will reveal • 
The forms diminutive that each conceal; 
Some 80 minute, that, to the one extreme. 
The miteairait leviathan Hvo}dd;seem ; 
ll&tt yet of oii|an»,.ffiiiction|» sense partake 
Equal with antmdb oMaiger m^ke. : 
In curious limbs and cloathing they surpass 
By far the comeliest of the bulky mass. 
A wodd of beauties! ^^t thro' all this frame 
Craationagnuidest ittiraeles prodaifiH. 
:: ). ' ■. ••'•■/ : ...» :^ .. . ^ ^Beowhs. 
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CONVERSATION XXII. 



Of the Camera Obscttai Magic Zan-' 
thom,'andMult^^Tig Glass. 

TVTOIR. We ShalV now treat 
upbh some loiscellanequs ((abj^cts; 
of 'wlucbtikifirst shall be the Camera 
Obscura. 

Ckarkls. What is a-caiUera ob- 

scura? •' 

" TUtdr: The meaning of the term 
W'ei d&i^ehed chati!kb«ri the construct 
ma^ it-is very simiilt^ and WUt be 
understood ia a moment by you, who 



know the properties of the conve}|. 
lens. 

A convex iens placed in a hole of 
a ivindow<«sbutter., Mill exhibit, on a 
white sheet of paper placed in the 
focus of tiie glass^, all the objects on 
the outside, as' Itelds, trees, men, 
bouses, &c. in an inverted order. 
. Jams. Is Ib^ r^iopf , to he qmt^ 
dar^< ^^^ejj^VJM ^il^AyWi* ad- 
mitted through. the lens? 
* ^uU^y [It.-puglit to ^w;.tnd, 
iat hftw^ a,- very iBitcgp^ting. pi<;b^^ 
«1». fti8i.Ao«>*.«hii»#,|i|lBH,;t^^^^^^^ 
jects. v .\(.? 

^Jommrih tijcw.^nffothe^^ad of 
camera obscura? 

:' 2W4r.. ^V>»|t»We x)ne wfa be 
4Mtde iwith jk «fB*!W^^^«> i&QR^ side 
•I mhklkh tf^:h^^U^^ Uihe> ¥mi 
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a dohvex fees in it^ ivithih thB liox' 
is a plaM mirror Tddinidgbacfcwards: 
£roai!tbetube,:iaaaatigl^<ctf foiAya&y^ 
degrees.^ ' ' '.» ^* j'^ * -' ; Q>'. 

Charles. On irimt'dofes'thiB tniri^ 
ror^eflect the imi^iof the^'oVc 

ject?: . ^ ,;•;:•',.':> »! ci 

IWor. The to^: of the hex ' i«t 
a .square of ufipolishsed. 'glaSss, > oil 
i^bich th^ picture is jformed.'.r'Aadl 
if a piece of oiled paper be stretd^ed^ 
on thb: "^ass, aiilaodsdipe Vnagr>be 
easily copied; or 1 the ^oad^ie laoiiyr 
be sketched ^on!>thdr(kigh s'uifase «f 
the- glass- » • ■ '''- 1= •■. • ' - i ' )-> j- * 

'Jamei. Why islheimiirdr tp>he; 
placed at lan angle of 45 dtegreeis^ 
exactly? --n: ' . o.'k : •]•>•.;--- 

21u/ar. ;The imager of: the objects 
would lii^turaU^ lieiiformed iat' the 

VOL. V. u 
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hft^ of Ae boot opposite to Ab 
leos; ib Order^ thcrefbre, to throw 
ii.Ao thA top^ the mirrar must be 
80 placed that the angle of ittd* 
denoe shaU fail ecpnal t6 the anf^ of 
raSectioii. In the boot, aoooitlhq^ 
to its ori^nal make, the top is at 
light angkfi to the eod^ that is, at 
mv w^ of 90 degrees,, therefore 
the mirror ia pat at half $0^ or 45 



Cimrtes. N<kw the kcident rays 
MUmg upon a sitrfiMe which dedinaa 
to an angle of .4i degrees^ in& be 
reflected at an equal angle of 45 de^ 
grees, which is the angle that the 
l^ass top of the .box bears with rt^ 
spect to the mirror. 

James. If I imderstand you dear- 
^ had the mirror been placed at 
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the m\i dT the bok^ or .partUd to 
it, the Tay3 would have been m- 
tiected back to the Im^i and none 
imuld have proceeded to the top of 
4iiebo9t. 

Tutor. True : in the eame mini- 
nir tA wbsn <me pevson stains l:Mibie 
m looking»<^kii9s» i^iiodier at the aide 
of the room cannot see hit image in 
die gl&ss^ htcBMif tht raya giving 
itom Mm to the lookin^^^ate are 
thrami back to himsf^ again; but 
let each person stand on tiie opposile 
side of the rooniy whfle the glass is 
in the middle of the end of it, they 
will both stand at an angle * of :4S 
degrees, with regard to the glass, and 
tiie rays from ewh wiil be reflected to 
the other. 

u 2 . '- . 



< Gharks. Is .the' tube fixed. in thi? 

Tiitdr. No;' it is made td draw 
.out| or push in, so as to adjust the 
distance of the convex glass. from 
the. mirror, in proportion to thfe. di- 
stance of the .outward fobgects^ .tall 
thiey : are distinctLy painted/ <m , the 
flioHsontal glass* ^ . > 

.James. Will you now explain 
the structure of tbe.magicrlanthom, 
jwH^ich has. long a&rded us Occasional 
amusement?. . : 

Tuipr. TbSs tittle machine, con- 
^jsistSy as you know, of a sort of 
tin box; within . which is a lamp 
or cand)^, the) light of this passes 
through a great plano*convex lens, 
plac^ in a tube fixed in the front 
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Ti&i sttongly illutnihates the objects 
^hfdi are pakited oit slips of glass, 
and pkced before the lens in an in- 
verted position. A sheet, or othet 
White surface, is placed to receive the 
images. 

Charles. Do you invert the glaS^eiS 
on which the figures are drawti, in 
order that the Itaages of them may 
be erect? ' ' 

Tutor. Yes : and the illamtha- 
tion tnay be greatly increased, and 
the effect much more powerful, by 
placing a concave mirror at the b£tck 
of the lamp. 

Charles. Did you not tell us that 
the Phantasmagoria, which we saw 
at the Lyceum, was a Species of the 
magic lanthorn ? 

u 3 
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c y^iftP^r Tber^ is ^ (this 4^^raice 
h^pYfpefi them:, m cqinmon magi^ 
j^^bor^Qs, the figures are painted oa 
tr^Q^p^ent glassy coosequ^tly the 
ima|^^ on the screen is a qircle.of 
light, having a figure or figures on it ; 
but in the . PhaPtasmagorijE^ all the 
glass -is j119.de opaque, except the 
figure only, which heing painted in 
transparent colours, the light shinea 
throijgb it, ^nd no light can ,come 
upon the screen but what passes 
through, the figure. 
' Jarfies. But th^r? was no she^t to 
receive the picture. 

Tutor, No; thp representation was 
thrown on a thin screen of silk placed 
bet;wecn the spectators ^nd the \^;^ 
thorn. * . ' 
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: Charley. iWl^at caused' the images 
to appear^ approaching w4 * recede 

^^Tutor^ It is owiqg jtO; reinovii^g 
the lanthoriji farther froiq, the sc^eep, 
or bringing it nearer '.tg. it j. for, the 
gi?e of the image, mu&t iriprpase,. as 
^^ larjthor.n is carried baqkji bpcauso 
the raj;^ cpmein the shape pf g^ 
cone, ^ud as. no part of the screcA 
is visible, the figure appears j. to. be 
formed in tiie air, and to moye far- 
ther off when it; becomes smaller, aixd 
to come nearer as it ingr^j^ses ii^ 
»i?e* . . 

James^ Here is another instru- 
ment, the construction of whicjixyou 
promisj^d to .explain r*^^ the rmdti^ying 
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Tutor. One stfle^ of this ^ass is 
cut into many distinct surfaces, and 
in looking at an object, as your bro- 
ther, through it, you will see not 
one object only, but as many as the 
glass contains plane surfaoes. 

I will draw a figure to illustrate 
this: Let (Plate vi. Fig; 42.) Af b 
represent a glass, flat at the side 
next the eye h, and cut into three 
distinct surfiices on the opposite side, 
Bs A bi b dyd B. The object c will 
not appear magnified, but as rays 
will flow from it to all parts of the 
glass, and each plane surface will 
refract these rays to the eye, the 
same object will appear to the teye in 
the direction of the rays, which en- 
ter it through each surface. Thus 
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a ray c i falling perpendicularly on 
the middle surface^ will suffer no 
refraction, but show the object in its 
true place 'at c: the ray from c b 
falling obliquely pn the plane sur* 
face A by will be refracted in the 
direction b ey and on leiayiog the 
glass at e, it will pass to the eye in 
the direction en, and therefore it 
appears at e; and the ray c d will, 
'for the same reason/ be refracted to 
the^eye in the direction b H,^and the 
object' c .wirt aplpeat ilso in i>. 

If, instead of three sides, the glass 
had been cut into Gr or 20^ or any 
other number, there would have ap* 
peared 6, go, &c, different objects difr 
ferently situated. ' 
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CONVERSATION I. 



Of thfi Magnet; its Properties i usc^ 
J^l to MurimrSf md others ; Iran 
rendered Magnetic f Fr^^fiss ^ 
(be JH^agmt. 

TC/JVR. You see this dark-brown 
mineral body, it is almost black, and 
you know it has the property of at- 
tracting needles and other small i^jn 
substances. 



JfmMS^ Yepf i| is omUed a load- 
stone, leading-stooe, or magnet; we 
hure ofttt been amused with, it : but 
3(0«i toU US that it pouiesfted a much 
more important property than that of 
uttraeting iton and atttk 

Tutw. This a what is cdled the 
directiw propfsrty^ by which marin^^ 
aire enabled to eobdoct their vessels 
through the mighty ocean out of the 
sight (tf land: by the aid of this, 
miners are gaided iit thdr siibler* 
lanean kK^andes^ and the traveOer 
tbrougb dsserts otherwise impassal^e. 

Charks. Were not marBi«*s mth 
ilble to make kaig and very distairt 
voyages till this property of the mag- 
liet was Ascovered ? 

Tutor. Till then, they contented 
themselves with mere coasting voy- 



ages: seldom trusting themselves 
fromrtbe sight of land. ^ 

James. Mow long 4s it sonce this 
property of the magnet uras first 
known? ' 

Tutor. About fiv^ hundred years ; 
and it is . not possible to ascertain, 
with any degree i of precision, to 
whom we are indebted for this* great 
discovery. . • : 

Charles. You have not told us in 
what the disdoveiry consists. 

Tutor. When a magnet, or a 
needle rubbed. with a magnet, is 
freely suspended, it will always^ and 
in all places, istand nearly north and 
south. 

Charles. Is it known which end. 
points to the north, and which to the 
south? . .: • ' 
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'Ttitor. Yes: or it would be of 
littk use: each magnet, and eadi 
needle, or other piece. of iron, that 
is BJiade an artificial {il&gnet by being 
propferly rubbed with the natural 
magnet^ has a north end and a south 
eod, called the north and south poles: 
to the former a mark is placed^ for 
the purpose of distinguishing it* 

Jdmes. Then if a. ship were to 
make a voyage to :the north, it must 
follow the direction which the ma{|^t 
takes. 

Tutor ^ True; and if it were bound 

westerly couij5e,vthe needle always 
poikiting norths the ship must keep 
jn a direction at right angles to- the 
needle. In other words, the direc- 
t|Q|i.of the needle must be aeross tiie* 
skip. 

VOL. V. X 



ChArla. Cpald not the sam^ <ib- 
JQCt be obtamed by meaiHi of the p(d$ 
star? 

Tutor. It ai^ m a codsid^r- 
able degree, provided you could ai* 
ways ensure k fine clear sky ; but , 
vfbAt is to be dome ki cloudy w6a^ 
tho-^ whichy in some latitudes, iviil 
last for many days together? 

Ckarks. I did not think of tbat . 

Tutor. Without the use of tibe 
mi^pet, ntk persona could have ven* 
tured upon such voyages as those ta 
the West Indies, and other distant 
parts i the Jmowledge, therefore, of 
this inltnunent cannot be too hi^iiy 
priaed* 

James. Is tbat a magnet ivhidi 
is fixed to the bottom of the ^be, 
and by means of which we set tte 
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gUbe in a proper dir^ctioa with reK 
1^ to the cardiiu^ points, omtb, 
aolitfa, BMt, 9nd west. 

Tutor. Tii&t is called a compass, 
the needle of wluch being rubbed l^ 
the natural or real magnet, becomes 
possessed of tbe same properties ap 
liiose which belong to the ma^et / 
Itsdf 

Charies, Can any iron and steal 
be mac)e magnetic ? 

Tut». They may; but steel ip 
Ae most proper for the purpose.- Barp 
of 4ron thus prepaRjed are called oHi- 
Jkml magnets. 

Jams. Will these soon lose ^ 
properties thus obtained? 

Tut&r. Artificial magnets wifi te»^ 
ttkin' their ptoperl^ dmost any leh^h 
^ tioM, and sinee tkey may be tmr 
x2 



!232' M.AONBT1SK. .' _ 

dcred more powerful than . natural 
ones, and can be made of any fimx], 
they are generally used^ so tbat Host 
natural magnet. \% Jiept as a curio- 
dty. ' •' .. 

Charles. WhaJt are the leading 
properties of die magoist ? 
.Tutor. (U) A oaiaghet. attracts 
** iron. (2.) When placed so as to l>c 
at liberty to move in any direcdoii, 
its north end points, to the norlk 
pole, and its ^outb end to the south 
pole:, this is called the poktrity cf 
tiie magnet. (3.) W!hea. theyMrth 
pole of one magnet is. presented to 
the smth pole of ajiotliief, they will 
attract one^npthen But if thetw<^ 
^Wth^.ov the two notth pplesy ar^ pre- 
/seated to eaqb other, th^ wiU repel 
(4.) Wkm a magnet i^ sp situat¥4 



as t be at liberty to move any way^ 
tbeUvo poles of it do not lie in an 
horiontal direction, it inclines one 
of ii poles towards the horizon, and, 
of ourse, elevates tiie other pole 
abox^ it; this is called the inclina- 
ti€B Dr dipping of the magnet. (5.) 
hof magnA may be made to impart 
itSDropertBS to iron and steel. 
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CONVERSATION U, 



Magnetic Aitractiori andftepulsim^ 
• . ••• ! 

TUTOR. Having mertioned he 
several properties of the Iniagnetor 
loadstone, I intend, at thi time^to 
enter more particularly ink) the ^- 
ture of magnetic attracticb andie^ 
pulsion. — Here is a thin [iron Itr, 
eight or nine inches longj tended 
magnetic, and on that account ,- is 
now called an artificial nagnef I 
bring a small piece of iroi] witl^ a 
little distance of one of th^ poljof 



Ae niagnei; aad you see it is a^Vacted 
or drawn to it. 

- Charks.^ WilLhot the same ejSect 
fae pit)duoed, .if tbe iron bei|)msented 
to any bthen part of the magnet'? 

Tutor. The- attraction is strcngegf 
at the poles^ and it grows leasafid tess 
in proportion to the distance of any 
part from the poles, so that in the 
middle,, between the poles, thore is no 
attraction;, as ,you shall see by means 
ofthi^rkk^geiseedle; • ; .. 

Jamesii j. When ymi held the needle 
near- tfab.ipdle 'of tbe mfgHet, the 
majsrnel mov^dto that, which looks 
as ^ the neeitte. attracted the magf. 

net />' ''' 

TutoKiiii YAuoare tight :* the attrac- 
tion- isividutnaly) as is evi^enti frpm 
the f(ilk»ving .e^primaeiiJL \1 jikce; 
this small magnet on a piece of cork, 
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tmd the ooedle on aaotber piec^ 
and let them float on water, at a UtUa 
diatwoe from eadi other, and jou 
observe that the magnet moves to* 
ward« the iron, as much as the inm 
moves towards the nmgnQt 

Cbarin. If two m^gEias^ were 
put in this situation, what iviquld be 
produced? 

Tutor. If poles of the same name^ 
tiiat is, the two north, or the tw« 
south, be brought near together, th^ 
will repel one another ; but if a iuirth 
and sputb pole be presents^, the same 
kind of attraction will be visHaAi^ aa 
theie was between the magnet and 
needle. 

Jame^. Will tbeie, be any attrac- 
tioo orjrepubioa if other bodies^ as 
paper, ior ttpift sli^^ of waod, be 
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l^aced between, the magnets, or he* 
Jlweeil the niagnet and iron? 

Tutor. Neither the niagnetic at- 
faction n<!^%epulsion iis in the least 
'diminished, 'or in any way affected 
by the iotetposkicfn of ai^ kind of 
4iddii^d; except iron. Bring the niag- 
inets 'tdgetbei^ within the attracting 
<6r repelling distaoce, and hold a sli]^ 
of wood between (Jiem : you see they 
both coirie t6 the wc**!. » 

Charl^. ' Yoo said' that iron wa^ 
more e^lsily rendereid^magnetic than 
ste^), ^doe^ k retdhith^ properties as 
l&figrtoo? ' -•'• ^ ' •• 

Tutof^: If a piece of soft iron, 
tod a piece Of hard steel, be brought 
^within the ihflfieftce of a magnet, 
the iton will be most foixiibly at*- 
4l1^tQd> bttt it will almost ii^^tantly 



loae ite acquimd magnoliaiji^ iK^ereM 
the hard stfiiel.M'ttl pre^^rve it «. long 
time. . 

JafM$. 1$ magoetic aj^iic^a wu^ 
repulsion %% ajl Uki$ what w^ l^y^ 
sometitn^ iew i» electricity ? 

Tutor. In some instaec^^ ^<e i» 
It gTMt similarity : Eij, I tije tw* 
|»ijl^Qs pf Scit wire (Vol VL Platq u. 
Fig. a8*.X ^Mb l» ft W^rtite thread 
which join at top, and let tbem h«og 
freely from i book 4^. . If I bi^gthe 
imrkgd w Dortb ^ pf » magnetie 
bar 'yi%% uncler thett)» yoi( will s^e the 
wires repel one another, as they v* 
sbowq in the %!iire bpx^ng itoiVk ^, 

Chm^ks. Is th«t Q^oa^K^ed by 
Ibe resiling power which both was 
have acquired in conseqaf^qe of b<>- 

* The reader must turn to Vol. VL Plate 
II, for the figures referred to in Magnetism. 
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11^ both rlnd^^d magnetic ^vith the 
sartep6le? 

Tutor. It is: and the sttme thing 
would have occurred if the south polo 
had h&en fKietAeA kistedd of the 
north. . . 

James. Wilt Aey iffetoaia long inf 
fiiat position? 

Tutdf. If the wites are of very 
doft iron they wiU quickly lo^ tb^ 
Aiagnetie power; hut if steel wires 
be used^ as eommon sewifig needles/ 
they will continue to repel each 
other, alter the removal of the mag- 
net* 

£x. IL I Itty ^ sheet of paper flsit 
tip0n a table, and strew some iron 
filings upon it. I now lay this small 
magnet (Vol. VI. Fig. 39.) among 
thete, and g^ve the table a few gentid 



knocks^ so as to ^hvjge^ ^e. filiogSi; 
and you observe in what manner 
they ; tiaye : rpiged tbeiii^^ves^ abput 
tbepagpet. ; , 

Charlf^ jAl;tl»et^oj^|idi|orpo^es,: 
the particles of iron form them*: 
Kllve^ :iqtO lii^s, ^ li{t^/& sideways ; 
they bendy and then form complete 
arcbe^^^ reaA:hing.fro<f(;sqi|ie p^nt in 
the nortl^em half ;of;tlM^ffnagnet to 
some other po^it li^,ihf^ southern 
half,-~J?ray how do yon accouht for, 
thi3? 1 /. . : •' K.,'j>- i ; / -• . 
. Tutgn ,:E4fih,QfjJh€::p.articles of 
iron/ by being brought within the 
sphere .<a^f ^,magnatiQ[i$fiuein:e, be- 
conies it^i^lf magnet;|6, aiid possessed 
of two p6les,;and: fonsequently dis- 
pos^Qft jtself in the ' Sjime , maimer as 
anjvotlier , magnet fj^v5>jjld, do, and 
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also attracts with its extremities the 
contrary poles of other particles. 

£x. III. If I shake some iron 
filings through a gauze sieve^ upon a 
4)aper that covers a bar magnet^ the 
filings will become magnets, and will 
be arranged in beautiful curves. 

Javm. Does the polarity of the 
magnet ri^de only in the two <^ds of 
its surface ? ;, \ .,;.,.,/ . \ 

Tutor. No : one half of 'the mag- 
r^%' is possessed t>f ojpie kind Y)f , ^o- 
Ij^rity,.' and t)ie oth^r of Jthe otheh 
l^r; but tte ^s,J Of p^Si.r^:^ 
thosQ points, in,ivhicilii),tli^t,p(Mfer)'ji8r 
lUe strongest. ;: v ' ^ .-joci (\m 
j: Def. a ^Xm ^-diH^n ir^ iM^ 
pple to tbe ^thj^r .isv^all^ .thef^i^nQ(( 
the niag^iet,/ ciij-.rr.'fi.. - l.^ ot;*r)ir:u(ii 

VOL. V. . y ,/\'^\\yv^\\ 
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CONVERSATION IIL 



Tke Method tf vtaking IffttgHth^ 
Of the Mariner's Compass. 

TUTOR. IhaveklreMljrtold^^ 
that aitificial ma^feti^^ #hicb artf 
itoade «f steel, are tiAvf gentotll^ 
ififted in prefeiredce to the real taH^ 
net, because they can be procured 
triih grettter ease, may be varied in 
tlkeir feim more ea^Iy, Atitd wiB com- 
municate the magnetic viitM tkWi 
powerfally. 

Charles. How are they made ? 
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' Ttfft?/', T!|0 bwt meitofi of making 
jirii%ial magii^9 h to apply om or 
more powerful magnets to pieces of 
imrd $t£0l, t^^ car9 to apply the 
north pole of the magnet or magpials 
to that <8ctrQti4tjr of the steel which 
is 'reqiured to be made the soudi 
KMil^ and to apply tiy^ soii& pde cf 
ibejua^net to the ic^fiposite eitreinity 
of the piece of steal. 
. Jaam. Has. a inagnet, by com* 
miiiiicating its properties to odMr 
bodies, its own p^wer dioiinisbed? 

7Wor. No^ it is even inci^nsed 
by it. — A bar of iron, three or four 
feet \(mgy kept some lime in a Ter- 
tical position, wHI become magqetic^ 
the lower extremity of it attract«^ 
ing the south pole, and repelling 
y2 
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the north pole. But if the bat* be 
inverted, the polarity will be re- 
Versed. 

. Charles. Will steel produce the 
same effects? 

Tutor. It willnqt; the iron must 
be soft^ and hence bafs of iron that 
have been long m a perpendicular 
pteitioa/ an» g«erally fotmd tci be 
magnetical, as fire irons, bars of 
windows, .&c.— If a IcMig piece of 
haitd iron be made red hot, and then 
left i to cobLlin the direction of the 
'magnetical line, it usually . becomes 
magnetical. 

Striking an iron bar with a ham- 
mer^ or rubbing it with a file, while 
held in this direction, renders it mag- 
neticd. An electric shocks and light* 



nmg^ frequmdy renikr iron magne« 
tic. 

James. An artifieial magnet you 
say is often more powerful than the 
real one; can a magnet, therefore^ 
communicate to steel a stroi^er 
power than it possesses ? 

Tut$r. C^twnly not: but two 
or more magnets, joined together, 
may communicate a. greater power to 
a piece of steel, than either of them 
possesses singly. 

Charles, Then you gain power 
according to the number of magneta 
made use of? 

Tutor, Yes ; very powerful mag- 
nets may be formed by first con?- 
structmg several weaJc magnets, and 
then jmniog them together to 'fosm 
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a compound one, and to act more 
powerfully upon a piece of steel. 

The following methods are an>ong 
the best for forming artificial mag- 

1. iPIace two magnetic bars a 
and B (Vol. VI. Fig. $5.) in a line> 
so that the 'north or marked end of 
one, shall be opposite to the south 
end of the other,^ bat at such a di- 
stance, that the magnet c, to be 
touched, may rest with its marked 
end on the unmarked end of b, and 
its unmarked end on the marked end 
of A. Now apply the north end of 
the magnet l, and the south end of 
IX, to the middle of c,, the opposite 
ends ,b^ing elevated as in the figure. 
Iknsm a: and- 1> asunder along the bar 
c, one towards a, the other towards 
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B,: preserving the same- elevation: 
remove h d, a foot or more from 
the bar when they are off thel ebds, 
tiidi bring^the north and south poles 
of these ma^ets together^ aitd apply 
them again to the middle of the bar 
c as JEiefore : the sime prdcfefe is to* 
be repeated five or ax tim^, then 
turn the har, and touch the other 
three sides in the sanhe way, and with 
care the bar will acquire a strong fixed 
magnetism. ^ 

, . S. Upon a similar principle, two 
bars A B, c D (VoL VI. Fig- 26-) 
maybe rendered magnetic. These 
are supported by two bars of iron, 
and they are so.Jplaced that the 
marked end b may tie oppi^ite to thev 
unmarked end D;'^eu placfe the 
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two attmctiDg poles a i, oa the 
iQickUe of A B^ as in the figam 
moviog them alowly orer it ten or 
fifteen times. The same operatum 
is to be perforaied on c b, havk^ 
first changed the poles of the bars 
aqd then oi^ the other faces of the 
bars; and the business is accom* 
plished. 

Hie touch thus communicated 
TMy be £BU-ther increased by raUiing 
the different faces of the bars with 
sets of magnetic bars, disposed as in 

Fig. 27- 

James. I suppose all the bars 
should be very smooth. 

Tutor. Yes, they should be well 
polished, the sides and ends made 
quite Jiat, and the angles quite square, 
or right angles. 



• There are inaay mtagnets made in 
\he shape -of horse*shoes/ these' are 
called horse-shoe magnets, and ..they 
retain tlieir power very long by t^kkig 
care to join a pie^e of iron: to^the 
end as soon^ as it is done with. ^^ 
- Charles. Dofes that prevenk 4ts 
power from escaping ? . : t v : . . 
y' Tutor- It should seem s^o; the 
pdwer of a magnet is even increased 
by- suffering a' piece of iron to remain 
{attached to one or botlv of its pclesi 
Of course a single magnet shoOld hI* 
ways be thus left. 

/ James. How is magnetism com* 
municated to compkss needtes? i 

l^Tutor. Fasten the heedle^fdAwn 
on a board, ahd draw magnets about 
six inches' long, in each hand^ from 
the centre of the needle outwards; 



ihm m» the bers to a ermsicJer- 
eble 4}9tet)ce from the n^k, wd 
hsing them perpondiculftriy (iovs 
on its (ientra, wd drair them osmr 
fligido, and repeeat tltt9 oporatioD abwit 
twenty tiitea, and the eiub ol t^ 
needle viU |>oint to' the polM con* 
trary to those thai tQoch^d theni» 

Cftarktu 1 raoember aMui^ a; 
compasa ipfaen I wi^ mi hfoard tiiip 
frigate that lay off Wortiungi the 
nMd](B was in a box, wAi a glass 
over it. 

Tutor. The mariner's compass 
consists of tbs box, the card or fly, 
and the needle. The box is circular, 
and is so suspended as to retain its 
horssontal position in all the motions 
of Aip ship. The ^ass is intended 
to prevent. any motion o£ die card 
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by the wind, the card or fly moves 
with the needle, which is very nicely 
balanced on a centre. It may, how- 
ever, be noticed that a needle which 
is accurately balanced before it is 
magnetised, will lose its balance by 
being magnetised, on account of 
what is called the dippings therefore 
a small weighty or moveable piece of 
brass, is placed on one side of the 
needle, by the sMfting of whicb[ the 
needle will aliteajm be balanced/ 
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CONVERSATION IV* 



Of the Variation (fthe Compass. 

CHARLES. You said, I think, 
that the magnet pointed Jiedrly north, 
and south, how much does it differ 
from that line ? 

Tutor. It rarely points exactly 
north and south, and the deviation 
from that line is called the variation 
of the compass^ which is said to be 
east or west. 

James. Does this differ at different 
times ? 



mariveb's compass. €53 

Tutor. It. does; and tlic varia- 
tion is very difibrent in different 
parts of the world. The variation is 
not the same now that it was half a 
century ago, nor is it the same no«r 
at London that^ it is at Bengal or> 
KamtBchatka. The needle is conti- 
nually traversing slowly towards th« 
eafit and U'est. 

This sabject was first at^nded to 
by Mr. Burrowes, about the year 
1580, IM^ he found the variation 
then, at London, about IT 11' east. 
In the year 1^57, the needle pointed 
due north and south: since which 
the variation has been gradually in* 
creasing towards the west, and in die 
y«ar 1803, it was equal to something 
more than 24^ west, and was then ad- 
vancing towards the same quarter. 

VOL. v. 7: 
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Charles. That is at the rate of 
soiuetlung more than tea niinutes 
each year. 

Tutor. It is,, but the annual va« 
riation is not regular ; it is more one 
year than another. It is different in 
the several months, and even in the 
hours of the day. 

James. Then if I want to set a 
globe due north and south, to point 
out the stars by, I must move it 
about, till the needle in tt)e compass 
points to C4" west? 

lufor. Just so : and mariners, 
knowing this, are as well able to sail 
by the compass, as if it pointed due 
noith. 

Cnarks. You mentioned thje pro* 
perty wliich tbe needle bad of dip* 
ping^ aiter the. magnetic fluid tvas 
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commQnicated to it: is that always 
the same ? 

- Tutor, It probably is, at the same 
place: it was discovered by Robert 
'Norman, a compas»-maker, in the 
year 1576, and he then foand it to 
dip nearly 7S*, and from many ob- 
servations made at the Royal Society, 
it is foond to be the same. 

James. Does it difFer in different 
places? 

w Tutor: Yes. In the year 1773, 
observations were made on the sub- 
ject, in a voyage toward the north 
pole^iand from these it appears that 

In latitude (J0° 18' the dip was 75° O' 

7b 45 : 77 32 

80 12 81 52 

80 27 : 83 2f 

z 2 
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I will show yoQ ra experiment on 
this subject Here is a magnetic bar, 
and a small dipping needle: if I 
carry the needle, suspended freely on 
a pivot, from one end of tlie mag* 
netic bar to the other, it irill> \Tbea 
directly over the south pole, settle 
directly perpendioular to i^ the 
north end being next to tbe soud^ 
pde. As the ^edle i$ moved, the 
dip grows less and less, and when it 
pomes to ^6 mfagnetio eratre^ it 
will be parallel te the barj aftdiv 
urards the sotitb end of the needie 
will dip, and when it comes direotly 
over the north pole, it will b(3 again 
perpendicular to the bar. 

The following faqts are desereing 
pf recollection* 



1. Iron is the only body capable of 
being efieeted by Hicignitisin. 
; 2. Ejevj magnet hi^ tire opposite 
points called j^«. 

$. A inagmet freely ^suspended ar^ 
nmges itself 86 that these p<^es point 
nearly north and south. This is 
called tiuB direotiw prcferty, or polar- 
sty, of themagnet. 

4* When tire toagnels approach 
each other, the poles of the same 
nan^, tbat is, both noirt^, or both 
soulh, yepel eaoh other. 

A. Foles of diSbpent names attsact 
each other, 

6. The loadstone is ah irM ore isft- 
turatty possessing |»agtietisitk 
' 7. M^^ettsm msrjr be commune 
fmted to irt» and stpel ' ^ 
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8. A steel needle rendered magnet- 
ic^ and fitted up in a box, so as to 
move freely in any direction, ccuisti* 
tates the mariner's compass. 

Charles. I think there is ia simi^ 
lanty between electricity and magnet- 
ism. 

. Tutor. You are ri^t ; there is a 
considerable analogy^ and ti remark^ 
able difference alsa between magnet- 
ism and eleetrictty. 

fiixc^iaciTT is of two sorts, posi- 
tive and negative ; bodies possessed of 
the $ame. sort of electricity ^jrepel each 
other, and those possessed of different 
sorts, attrajct wch otber.-^In. Mag- 
NpTisMifti^^l^^^^eaagBet has two poles; 
poles of thir SMdie name repel each 
other, and thei^eontrary poles attract 
each other. 



In; Electricity, wheiia body, in 
iU natural sterf^ is brought near to 
one that is electrified, it acquires a 
contrary electricity, and becomes at- 
tracted by it— In MACiKFiTisM:, when 
an iron substance is brought near one 
pole of a magnet, it acquires a con- 
trary polarity, and become attracted 
by it 

One sort of electricity cannot be« 
produced by itself. In like manner, 
no body can have only one magnetic 
pole. 

The electric virtue may be retained 
by electrics, but it pervades conduct^i 
ing substances* The ina^etic vir- 
tue is retained by iron, but it pervades 
all other bodies. 

On the contrary: the magnetic 
power diffeis from the electric, as it 
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does noC aflfect the ^ensss with light, 
smell, taste^ or ndsc^.tti '4ii0 «tectrie 
does« 

Alaguets attract cmly inoii, but the 
eleCtaric fluid attracts bodies of every 
sort 

The dectric virtue, resides on the 
lurface Qf Qleebrified bodies, but the 
magnetic is internal. 

A magnet loses nothing of its pov?er 
by BMigoetising bodies^ but ati deotri- 
fied body loses part of its ^etefctMcity 
by electrifying other bodies. 
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